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PREFACE 


Tin^  work,  originally  designed  as  a  book  of  instruction 
f'<r  the  cadets  of  the  Military  Academy,  ha-*,  since  my  sep- 
aration from  the  department  of  artillery,  been  extended 
f»*yr>nd  the  limits  at  first  proposed,  with  a  view  of  spread 
:riL'  information  not  popularly  accessible,  upon  a  subject  of 
ft;*  first  importance  to  onr  national  defense. 

It  i>  submitted  to  mv  brother  officers,  trusting  that 
ithiiiv  allowances  will  be  made  for  its  defects,  and  that 
•  •m*-  one  more  ea]iable  of  doing  justice  to  the  subject  will 

induced  to  offer  to  the  service,  and  to  onr  militia, — on 
*!iotn,  in  the  event  of  war,  the  principal  defense  of  our 
•tiz*  fortifications  must  devolve,— a  more  complete  sys- 
"Hn  of  instruction  than  I  have  been  able  to  furnish. 

Where  translations  have  been  made,  it  has  been  my 
*n<i*avor  to  select  such  portions  as  are  or  may  be  appli- 
-\\\*  to  our  own  service,  leaving  out  those  peculiar  to  the 
:  reipn. 
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CHAPTER  I. 

GUNPOWDER . 

TitE  inflammable  property  of  a  mixture  of  nitre,  charcoal,  and 
tolphur,  was  known  long  before  its  projectile  force  was  discov- 
ered. Used  in  the  form  of  dust,  it  is  supposed  by  many  to  have 
been  the  substance  of  which  the  rockets  and  Greek  fire  of  the 
ancients  were  made. 

DiecovEBY. — Gunpowder  is  said  to  have  been  discovered  in 
Europe  somewhere  about  the  XIII.  century;  but  a  somewhat 
*imiL»tr  compound  is  supposed  to  have  existed  many  centuries 
tefore,  in  China.  Until  towards  the  close  of  the  XV.  century,  it 
was  used  in  the  dust  form  ;  but  about  that  time  it  was  discovered 
that  when  formed  into  grains,  its  force  was  very  considerably 
increased. 

Ixgbkdiektb. — The  ingredients  used  in  the  manufacture  of  gun- 
powder are  charcoal,  nitre  (or  saltpetre),  and  sulphur;  and  in 
»»rder  to  explain  the  phenomena  of  explosion,  a  short  description 
of  each  of  these  substances  will  be  given. 

Charcoal. — If  charcoal  is  heated  to  a  certain  temperature, 
combustion  takes  place,  and  if  perfectly  pure,  no  ash  will  remain. 
The  charcoal  will  be  converted  into  an  invisible  gas.  Placed 
under  the  receiver  of  an  air-pump,  and  the  air  removed,  it  will 
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not  burn.  There  is,  therefore,  needed  for  its  combustion,  an  ingre- 
dient of  common  air — oxygen — and  it  will  presently  be  shown 
how  this  element  is  combined  with  the  charcoal  so  as  to  produce 
combustion  in  vacuo.  The  power  of  oxygen  to  support  combus- 
tion is  very  great.  This  may  be  seen  by  a  simple  experiment.  A 
piece  of  steel  wire  having  any  inflammable  substance  placed  on 
the  end  of  it  and  lighted,  when  dipped  in  a  jar  of  oxygen  gas  is 
rapidly  consumed.  This  being  the  case  with  regard  to  iron  or 
steel,  it  may  readily  be  imagined  how  much  more  rapidly  char- 
coal immersed  in  the  gas  would  disappear,  from  what  is  called 
combustion — really  uniting  with  the  oxygen — forming  carbonic 
acid  gas.  Now,  if  instead  of  presenting  the  charcoal  in  a  6olid 
mass  to  the  action  of  the  oxygen,  it,  in  the  form  of  a  minute  pow- 
der, be  brought  in  contact  with  a  substance  similarly  prepared, 
and  containing  a  large  quantity  of  oxygen,  the  combustion,  when 
fire  is  applied,  will  be  much  more  rapid,  producing  deflagration. 

Charcoal  made  from  light,  quick-growing  wood  is  the  most 
easily  pulverized,  and  is  the  best  for  making  gunpowder. 
In  the  United  States  willow  and  poplar  are  used.  It  should 
be  sound,  about  an  inch  in  diameter,  and  not  more  than 
three  or  four  years  old.  The  largest  limbs  are  split  up  before 
burning ;  the  smallest  branches  are  used  for  fine  sporting-pow- 
der. The  wood  should  be  cut  in  the  spring,  when  the  6ap  is 
running  freely,  and  the  bark  at  once  taken  off".  It  may  be 
charred  in  the  ordinary  way,  in  pits ;  but  the  most  usual  way  of 
preparing  it  for  making  gunpowder  is  by  distillation.  This  pro- 
cess consists  in  placing  the  wood  in  iron  cylinders,  to  which  pipes 
are  fitted  to  carry  off  the  liquid  and  gaseous  products.  Heat  is 
then  applied  to  these  cylinders  and  kept  up  for  a  number  of 
hours.  The  fires  are  then  allowed  to  go  down,  and  when  cool, 
the  charcoal  is  taken  out.  This  method  has  the  advantage  over 
the  common  way  of  making  charcoal,  of  performing  the  opera- 
tion of  charring  more  completely,  and  of  saving  the  ingredients 
which  by  the  common  process  are  lost.  Acetic  or  pyroligneous 
acid,  tar,  and  wood  naphtha  are  thus  obtained.  This  charcoal  is 
also  said  to  be  more  free  than  any  other  from  potash. 

Another  process  has  lately  been  introduced  in  France  by  if. 
Violette,  and  considered  a  great  improvement.  This  consists  in 
transmitting  through  the  wood  high-pressure  steam,  producing 
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more  effectually  even  than  fire,  the  desired  result.  It  should 
retain  a  certain  degree  of  elasticity,  have  a  brown  color,  present 
the  fibrous  appearance  of  the  wood,  and  its  fracture  be  irrid- 
cscenL 

Wood  contains  about  fifty-two  per  cent,  of  carbon ;  but  this 
process  furnishes  only  about  thirty  or  forty  per  cent.  The  coal  is 
usually  made  in  the  immediate  locality  of  the  powder-factories, 
and,  as  it  readily  absorbs  moisture,  is  made  only  as  it  is  wanted. 
In  sticks  its  specific  gravity  is  about  .300,  which  is  increased  by 
pulverizing  to  1.380. 

Nitre. — Nitre  is  the  substance  which,  possessing  6uch  a  large 
j-crcentage  of  oxygen  in  a  solid  form,  gives  charcoal  the  ability 
to  burn  whether  in  contact  with  the  air  or  not.  Sulphur  adds 
consistency  to  the  mixture,  and  intensity  to  the  flame,  when 
limited ;  and  the  result  is  gunpowder.  Sulphur  also  renders  the 
}*>wder  less  liable  to  absorb  moisture.  The  quality  of  powder 
depends  very  much  upon  the  intimate  mixture  and  proper  pro- 
I"/rtious  of  the  ingredients— or  in  other  words,  on  our  ability 
nlwavs  to  have  in  contact  with  the  inflammable  materials,  char- 
coal  and  sulphur,  the  necessary  oxygen  in  the  form  of  nitre  to 
support  combustion,  and  change  all  the  solid  mass  into  gases. 
Charcoal  by  itself,  t.  e.  in  vacuo,  will  not  burn,  nor  will  nitre 
either  in  that  way  or  in  the  open  air ;  but  together  they  burn 
in  vacuo,  and  intimately  mixed,  deflagrate. 

The  finer  the  gunpowder  and  more  intimately  mixed  the  in- 
gredients, the  nearer  it  approaches  a  detonating  powder.  In 
large  and  compact  charges,  however,  the  reverse  is  the  case,  as 
then  the  powder  itself  forms  an  obstacle  to  the  transmission  of 
the  flame,  and  it  bums  6lowly  and  in  successive  layers.  As  a 
general  rule,  and  before  coming  to  the  limit  of  dust,  the  smaller 
the  grain  the  more  rapid  the  combustion,  and  the  greater  the 
hnrsting  force  of  the  powder.  This  is  the  reason  that  in  small 
anus  the  small-grained  powder  is  used.  It  has  but  a  short  dis- 
tance in  which  to  act  on  the  projectile,  and  being  in  small 
quantity,  its  bursting  force  is  not  such  as  to  injure  a  gun  ;  while 
in  Urge  pieces  the  charges  are  so  great,  that  did  they  burn  fast 
no  metal  could  withstand  the  shock.  In  these,  too,  as  the  time 
which  the  powder  has  to  act  on  the  projectile  is  greater  than  in 
uualJ  arms,  the  whole  force  of  a  slow-burning  powder  will  be 
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produced  before  the  projectile  leaves  the  muzzle ;  and  from  the 
great  heat  evolved  by  the  large  charge,  the  largest  grains  will  be 
consumed. 

Nitre  or  saltpetre,  the  nitrate  of  potassa,  is  a  natural  salt 
found  in  many  localities,  especially  in  the  East  Indies,  where  it 
exists  in  great  abundance  on  the  earth's  surface,  and  where 
it  is  natural  to  suppose  its  peculiar  properties  when  combined 
with  carbon  were  first  observed.  It  is  also  found  in  other  warm 
countries,  and  in  limestone  caves  in  the  States  of  Virginia,  Geor- 
gia, Tennessee,  and  Kentucky ;  and  in  this  last  in  the  form  of 
rock  ore,  a  sandstone  containing  a  very  large  proportion  of  the 
salt.  It  may  also  bo  produced  artificially  in  what  are  called 
"  nitre  beds,"  by  exposing  animal  and  vegetable  substances  to- 
gether to  the  action  of  the  air  in  moist  situations.  This  method, 
although  not  first  discovered,  was  perfected  by  the  celebrated  Ber- 
thollet,  at  a  time  when  France,  cut  off  from  communication  with 
other  nations,  was  driven  to  these  beds,  or  walls  as  they  are  some- 
times called,  to  obtain  supplies  of  an  article  60  absolutely  neces- 
sary to  her  defense. 

Characteristics. — This  salt  when  pure,  has  a  clear,  white, 
crystalline  appearance,  a  specific  gravity  of  2.090,  melts  at 
660°  F.,  and  decomposes  at  a  red  heat.  It  is  soluble  in  water, 
much  more  so  in  hot  than  in  cold,  and  has  a  cool,  saline,  and 
slightly  bitter  taste. 

In  the  manufacture  of  gunpowder,  it  is  of  the  greatest  im- 
portance that  all  the  ingredients,  and  especially  the  nitre,  should 
be  pure.  It  never  appears  so  in  commerce,  but  in  the  shape  of 
grough  saltpetre  contains  from  six  to  twelve  per  cent,  of  foreign 
salts,  earth,  and  water. 

Analyzing. — To  ascertain  the  quality  of  grough  saltpetre,  a 
certain  quantity,  say  one  lb.,  is  washed  in  a  saturated  solution  of 
pure  nitre,  and  the  liquor  poured  off ;  the  washing  is  then  repeated 
and  poured  on  a  filter,  which  is  dried  perfectly  by  placing  it  on 
glass  imbedded  in  ashes  or  lime,  and  then  evaporating.  The  sat- 
urated solution  takes  up  only  foreign  salts ;  and  what  remains, 
allowing  two  per  cent,  for  earthy  matter,  &c,  will  be  the  quan- 
tity of  pure  saltpetre.  As  a  check  and  comparison,  perform  the 
same  operation  on  the  same  quantity  of  pure  saltpetre. 

Purifying. — Great  pains  are  taken  to  purify  the  nitre  to 
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be  used  in  the  manufacture  of  gunpowder ;  and  the  process  is 
neb  facilitated  by  the  facts  that  some  of  the  impurities  are  less 
soluble  in  boiling  water  than  in  cold — nitre  is  the  reverse — and 
s*»me  are  more  soluble  in  hot  or  cold  water  than  nitre.  For  puri- 
fying then,  two  tiers  of  vats  are 
employed,  one  heated  the  other 
cold.  For  heating,  steam  is  some- 
times used,  as  at  the  celebrated 
establishment  of  Col.  Hazard,  at 
Enfield,  Conn.  The  saltpetre  of 
commerce  is  first  placed  in  the 
vat  UA,"  Fig.  1,  and  steam  ap- 
plied from  below,  producing  complete  ebullition.  Particles  of  dust 
and  other  light  materials  rise  to  the  top,  and  are  skimmed  off.  The 
nitre  being  more  soluble  in  boiling  water  than  in  cold,  and  such 
not  being  the  case  with  chloride  of  sodium  (common  salt),  this  last 
will  <»n  the  cessation  of  the  boiling  sink  to  the  bottom,  with  some 
earthy  matter,  the  precipitation  of  which  is  assisted  by  a  solution  of 
zine.  The  liquor,  whilst  hot,  is  then  drawn  off  by  a  syphon  into  the 
v*t  below.  Here  it  is  allowed  to  cool  slowly.  Chlorides  of  calcium 
\nd  magnesium,  and  the  nitrates  of  lime  and  soda,  being  more  solu- 
ble in  wafer,  hot  or  cold,  than  nitre  are  taken  up  by  the  water,  while 
the  nitre  is  formed  into  crystals  at  the  bottom.  When  the  mass 
i*  reduced  to  about  104°,  the  water  is  drawn  off,  leaving  the  nitre 
behind  pure.  It  is  kept  constantly  stirred  during  this  operation, 
to  prevent  the  formation  of  large  crystals,  which  would  probably 
inclose  water  and  some  impurities.  It  may  then  be  left  to  drain 
«lry  through  holes  in  the  bottom  of  the  vat,  or  transferred  to  a  kind 
•f  hopper  specially  made  for  the  purpose, — Fig.  2. 
One  of  these  oj>erations  is  not  always  sufficient  to  rid 
the  nitre  of  all  its  impurities ;  a  matter  of  the  first 
importance,  since  the  presence  of  the  most  injuri- 
of  these,  nitrate  of  lime  and  impure  common 
salt  having  a  powerful  affinity  for  water,  will  very 
materially  affect  the  quality  of  the  powder  made 
from  it,  more  especially  in  regard  to  its  preserva-  fi*  2. 
tion.  The  importance  of  this  will  be  seen  when  the  effect 
of  moisture  on  gunpowder  is  observed.     It  rapidly  impairs 
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its  strength,  and  in  time  produces  a  marked  change  in  the  struc- 
ture of  the  grain;  the  nitre  efflorescing  on  the  surface  in  the 
form  of  a  white  powder,  and  the  whole  mass  being  formed  into 
cakes  and  lumps. 

Fusing. — The  nitre  is  now  in  small,  perfectly  white  grains ;  but 
before  being  used  for  powder  it  is  fused,  for  the  purpose  of  driving 
off  any  water  which  may  be  retained  among  the  particles,  so 
that  it  may  be  accurately  weighed.  It  should  never  be  fused  at 
a  higher  temperature  than  600°,  as  beyond  that  it  is  apt  to  J)e 
injured  by  partial  decomposition.  It  should  not  contain  more 
than  1-3000  part  of  chlorides  ;  but  for  powder  which  is  to  be  used 
at  once,  this  degree  of  purity  need  not  be  required  ;  and  this  fact 
gives  the  means  of  reducing  considerably  the  proportion  of  nitre 
in  a  powder  designed  for  immediate  use.  When  fused,  the  nitre 
is  cast  into  flat  cakes  and  allowed  to  cool.  In  the  manufacture  of 
powder  in  this  country,  the  nitre  is  not  fused  after  it  is  reduced 
to  fine  pure  grains,  unless  it  is  to  be  kept  for  some  time  before 
being  used.  But  in  Europe  it  is  looked  upon  as  an  important 
step  ;  though  objectionable  on  some  accounts,  as  with  too  high  a 
heat  it  is  partially  decomposed,  oxygon  being  driven  off. 

Sulphur. — Sulphur  is  found  in  all  volcanic  countries  in  great 
abundance.  Sicily  supplies  the  principal  part  of  the  market.  It 
is  found  there  in  large  masses,  very  nearly  pure.  Tho  greater 
part  of  that  used  in  the  United  States  conies  from  the  French 
refineries. 

Rkfinixg. — Before  being  used  in  the  manufacture  of  powder, 
this  substance  has  also  to  be  refined.  Two  methods  arc  used,  one 
by  simply  fusing  it,  when  the  heaviest  impurities  sink  to  the  bot- 
tom of  the  vessel,  and  the  lightest  rise  to  the  top.  The  interme- 
diate portion  being  left  pure,  may  bo  withdrawn.  The  other 
method  is  by  sublimation,  by  which  the  sulphur  is  vaporized  at 
about  170°,  and  again  condensed  in  the  form  of  a  fine  powder 
called  "  flowers  of  sulphur/'  When  melted  and  run  into  moulds, 
it  is  called  "  roll  sulphur." 

Characteristics.— Pure  sulphur  is  of  a  citron-yellow  color,  has 
a  shining  fracture,  and  crackles  when  pressed  in  tho  hand.  Its 
specific  gravity  is  2.033,  which  is  reduced  by  sublimation  to  1.000, 
and  still  further  by  trituration.    It  melts  at  220°,  but  at  320° 
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takes  the  consistency  of  paste,  and  sublimes  or  vaporizes  at  680°. 
Insoluble  in  water,  but  in  oils  and  alcohol  it  is  soluble.  As  when 
pure  it  is  entirely  consumed  by  combustion,  a  simple  test  of  its 
purity  is  to  burn  some  on  a  clean  surface,  and  sec  if  any  residue 
remains. 

31  a  jtct  actou?. — Having  described  the  different  substances 
which  enter  into  the  composition  of  gunpowder,  we  will  now  pro- 
ceed to  the  manufacture  of  this  last,  which  consists  in  pulverizing 
the  ingredients,  incorporation,  compression,  granulation,  drying, 
glazing,  and  dusting. 

Pocndlng-M ill. — Two  methods  of  making  gunpowder  are 
used, — by  the  pounding-mill  and  by  the  rolling-mill.  In  the 
pounding-mill  the  ingredients  are  pulverized,  incorporated,  and 
compressed,  at  the  same  time,  by  the  pestles :  twenty  or  twenty- 
four  mortars  and  pestles  are  placed  in  two  rows  in  the  mill ;  the 
mortars  are  nearly  spherical,  and  dug  out  of  a  piece  of  oak,  hav- 
ing a  piece  of  harder  wood  in  the  bottom.  Each  mortar  receives 
ali  «ut  twenty  lbs.  of  composition.  The  charcoal  in  small  pieces  is 
Sr>t  placed  in  witli  a  quantity  of  water,  and  pounded  for  half  an 
hour,  after  which  the  saltpetre  and  then  the  sulphur,  previously  pul- 
verized and  sifted,  are  put  in,  and  the  whole  well  mixed  with  the 
hand  ;  and,  after  being  pounded  for  an  hour,  it  is  transferred  to  the 
next  mortar,  and  so  on,  changing  every  hour.  At  the  sixth  or 
tlghth  change  add  a  half-pint  of  water,  to  guard  against  explosion. 
During  the  last  two  hours  no  change  is  made,  in  order  to  allow 
:hc  composition  to  form  into  cake.  It  is  then  taken  from  the 
mortar,  the  moisture  reduced  to  four  per  cent.,  and  then  grained ; 
f>r  which  purpose  it  is  partially  dried  and  placed  in  a  graining- 
-ieve  of  parchment  pierced  with  holes,  which  is  moved  by  hand 
■  •r  machinery,  whilst  a  lenticular  disk  of  hard  wood,  weighing  five 
Wn.  breaks  up  the  powder,  which  passes  through  the  holes  as  soon 
as  sufficiently  reduced.  The  cakes  may  also  be  grained  by  being 
pa*«ed  between  wooden  rollers.  The  grains  are  then  sifted,  to 
*ej>aratc  those  which  are  too  coarse  and  too  fine,  as  also  to  sepa- 
rate the  different  kinds — cannon,  musket,  and  rifle — from  each 
other. 

Glazing. — About  five  hundred  lbs.  of  it,  containing  about  three 
per  cent,  of  moisture,  is  then  placed  in  a  large  glazing-barrel,  and 
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glazed  by  revolving  the  barrel  fifteen  or  twenty  times  a  minute 
for  twenty-four  hours  or  less,  according  to  the  degree  of  glazing 
required.  Glazing  is  necessary  in  order  to  prevent  the  absorption 
of  moisture,  and  breaking  up  of  the  grains  in  transportation — 
forming  dust,  which  sifting  through  the  bags  reduces  the  charges, 
and  retards  the  inflammation  by  choking  up  the  interstices  be- 
tween the  grains. 

Drying. — The  powder  is  then  dried,  either  in  the  open  air 
or  in  a  drying-house.  In  the  first  case  it  is  spread  on  sheets 
placed  on  tables,  and  allowed  to  remain  ten  or  twelve  hours, 
being  6tirred  frequently  to  expose  it  well  to  the  sun.  When  the 
sun  is  too  hot,  it  is  sometimes  necessary  to  cover  the  powder  over 
to  prevent  the  loss  of  the  sulphur.  In  a  drying-house,  it  is 
exposed,  in  layers  of  from  one  to  four  inches,  to  a  current  of  air 
heated  to  140°  by  means  of  a  furnace  or  hot-water  pipes. 

Dusting. — It  is  then  dusted  by  being  sifted  in  fine  sieves  or 
bolting-cloths,  order  to  clean  it  thoroughly  and  cool  it  before 
being  barreled.  The  dust  may  be  worked  over  again  to  make 
inferior  powder,  or  mixed  with  other  composition  in  the  pound- 
ing-mill. 

Tdke. — It  requires  from  eleven  to  fourteen  hours  to  make 
powder  by  this  process.  This  time  may  be  somewhat  reduced 
by  previously  pulverizing  and  mixing  the  ingredients  in  rolling- 
barrels  formed  of  6trong  leather  or  hides  stretched  over  a  frame- 
work, the  slats  of  which,  nine  inches  apart,  project  half  an  inch 
inwardly.  Each  barrel  contains  100  lbs.  of  zine  or  composition 
balls  which  serve  to  pulverize  the  materials  when  the  barrel  is 
revolved  around  its  axis.  The  charge  for  a  barrel  is  fifty  lbs.,  and 
the  elasticity  of  the  leather  prevents  the  powder  from  adhering  to 
the  sides,  as  it  would  do  with  wood. 

Rolling-Barrels. — The  charcoal  and  sulphur  are  first  placed 
in  and  rolled  for  two  hours,  to  pulverize  them ;  the  saltpetre 
(refined)  is  then  added,  and  the  rolling  continued  for  two  hours 
longer ;  when  ten  per  cent,  of  water  is  added,  and  it  is  pounded 
in  the  mortars  for  three  hours ;  or  it  may  be  spread  in  thin 
layers,  moistened  with  the  same  quantity  of  water,  distributed 
equally  with  a  fine  watering-pot,  and  brought  to  a  state  of  cake 
by  pressure  in  an  hydraulic  or  screw-press ;  and  this  method  of 


Digitized  by  Google 


ROLLING-MILL 


17 


forming  the  powder  into  cakes  is  sometimes  adopted  after  the 
ingredients  have  been  incorporated  in  the  pounding  or  cylinder 
mills. 

The  pounding-mills  arc  used  altogether  in  France,  for  the  mil- 
itary service ;  but  the  charcoal  used  is  made  in  open  pits  (d  Pair 
Itbre)  where  it  is  more  thoroughly  burnt  and  becomes  more  fria- 
ble than  cylinder  coal,  which  last  is  too  hard  to  be  pulverized 
rumciently  by  the  action  of  the  pestles. 

WW  * 

Ctixkdeb  or  Rolling  Mill, — Fig.  3.  The  cylinder  or  rolling 
null  used  in  England  and  this  country 
consists  of  a  circular  bed  of  cast  iron 
or  marble,  the  inner  diameter  of 
which  is  about  three  feet,  and  two 
cylinders  or  wheels  weighing  about 
five  tons  each,  of  the  same  material, 
which  run  on  this  bed,  followed  by  a 
wooden  plow  which  throws  the  ma- 
terials towards  the  centre  of  the 
track.  The  cylinders  revolve  about 
ten  times  a  minute,  and  run  from 
one  half  to  three  hours  on  fifty 
pounds  of  composition.    The  pow-  Fig.  a. 

der  is  therefore  made  much  quicker,  and  it  is  found  that  it  exhibits 
&  greater  degree  of  strength,  in  cannon,  than  powder  incorporated 
in  any  other  way ;  but  this  superiority,  though  uniform,  is  not  so 
j^vat  as  to  give  the  rolling-mills  an  absolute  preference  over  all 
other  methods  of  incorporation,  so  far  as  regards  the  strength 
alone  ;  and  the  choice  between  them  must  be  decided  by  the  rela- 
tive economy,  and  the  other  qualities  which  each  imparts. 

Experiments  in  this  country,  as  well  as  in  France,  seem  to 
give  the  preference  to  the  rolling-mill  powder;  but  the  pounding- 
mill  i^  still  retained  in  France;  where  it  is  claimed, — 1.  That  the 
pounding-mill  makes  jxnvder  better  adapted  to  the  promiscuous 
service  of  all  arms.  2.  That  it  is  less  injured  by  exposure  to 
moisture;  and  3.  That  it  is  les3  injurious  to  the  gun.  The  first 
i*  of  no  advantage  in  the  United  States,  as  we  use  different  kinds 
of  powder  for  cannon  and  small  arms;  and  rolling-mill  powder 
may  be  so  worked  as  to  render  it  equally  resistant  to  moisture. 
In  the  third  place,  by  a  simple  alteration  in  the  cartridge  (redu- 
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ring  its  diameter),  the  destructive  force  of  dense  powder  on  the 
gun  is  reduced  without  diminishing  its  projectile  force ;  and  this 
may  be  further  reduced  by  the  reduction  in  the  charcrc  which  we 
are  enabled  to  make  in  dense  powder,  from  its  greater  force.  In 
email-arms,  the  barrels  are  so  strong  that  the  destructive  effects  of 
the  small  charges  used  constitute  no  objection  to  the  use  of  a 
powder  more  violent  even  than  the  strongest  rifle-powder  pro- 
posed to  be  made.  The  pounding-mill  powder,  in  order  to  be  of 
a  force  nearly  equal  to  rolling-mill  powder,  must  be  worked  not 
less  than  fourteen  or  sixteen  hours ;  and  even  then  the  grain  is 
hardly  firm  enough  to  resist  the  jolting  of  ammunition  wagons. 
The  force  retained  by  some  Waltham  powder  after  being  kept 
for  thirty  years  without  special  care,  speaks  strongly  in  favor 
of  the  English  mode  of  manufacture. 

It  is  a  characteristic  of  gunpowder,  that  the  greater  the 
opposition  offered  to  tho  expansion  of  its  gases  whilst  the 
powder  is  burning,  the  greater  becomes  the  force  developed. 
This  fact  is  taken  advantage  of  in  various  ways  in  the  science 
of  artillery.  Thus,  for  instance,  a  gun  is  made  smaller  at 
the  seat  of  the  charge  by  making  use  of  a  chamber,  because 
the  powder  is  thereby  more  confined,  and  a  greater  force 
developed  ;  and  it  is  found  that  the  form  of  chamber  which  de- 
lays the  escape  of  the  gas  the  longest,  is  productive  of  the  great- 
est force,  though  for  other  reasons  it  is  not  adopted.  In  firing 
shells  from  mortars,  where  the  angle  of  clovation  is  45°,  and  the 
weight  of  the  projectile  almost  directly  opposed  to  the  effort  of 
the  powder,  we  are  enabled  to  reduce  the  amount  of  the  powder 
used,  on  accoutit  of  the  increased  force  developed.  Thus,  too,  in 
blasting  rocks,  the  amount  of  execution  by  a  small  charge  of 
powder  is  apparently  out  of  proportion  to  its  size,  on  account  of 
the  manner  in  which  the  powder  is  confined.  Good  powder 
should  be  perfectly  free  from  dust.  Smooth,  brilliant  grains  are 
more  solid  and  fit  for  war  purpose  than  those  which  are  not  so. 
When  the  grains  are  porous,  combustion  takes  place  more  raj 'idly, 
and  the  powder  approaches  more  nearly  a  bursting  powder.  Thus 
a  powder  which  has  absorbed  a  certain  quantity  of  moisture,  and 
been  redried,  may  become  more  destructive  to  guns  than  when 
first  taken  from  a  magazine. 

Gunpowder,  in  order  to  be  of  good  quality,  should  have  the 
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ingredients  carefully  prepared  and  thoroughly  incorporated, 
should  be  perfectly  dried  and  highly  glazed ;  all  of  which  are 
favorable  not  only  to  the  production  of  the  greatest  force,  but  to 
the  quick  combustion  of  the  grains  and  the  rapid  transmission  of 
the  llame  through  the  whole  mass  of  the  powder.  The  injury 
caused  to  powder  by  moisture,  is  too  apparent  to  need  any 
further  comment  on  the  necessity  of  drying  it  well.  Glazing  does 
not  affect  the  strength  of  powder ;  and  though  it  lessens  somewhat 
the  rapidity  of  burning,  this  is  more  than  compensated  by  the 
advantages  resulting  from  the  process.  The  preparation  of  the 
materials  having  been  previously  noticed,  it  now  remains  to  refer 
t«j  the  other  conditions. 

Density. — The  more  a  powder  is  worked,  the  more  dense  it 
becomes,  and  up  to  a  certain  point  the  greater  is  the  force  of  the 
powder,  but  beyond  this  limit  it  is  found  that  no  increase  of  force 
follows  the  continued  working.  The  density  of  gunpowder  may 
be  approximately  determined  by  taking  the  weight  of  a  cubic 
f*ot  in  ounces.  This  is  called  the  gi'avimetrie  density,  and  is  ob- 
tained by  means  of  a  gravimcter,  a  brass  cylindrical  vessel  hold- 
ing 1-27  of  a  cubic  foot  (64  cubic  inches).  By  taking  the  weight 
of  the  contents  when  loose  and  after  being  shaken,  the  relative 
irregularity  and  size  of  the  grain  will  be  indicated  by  the  differ- 
ence. Experiments  bIiow  that  the  gravimetric  density  of  cannon 
pjwiJer  should  not  be  less  than  870,  nor  greater  than  920. 

Specific  Gravity. — Gunpowder  being  but  a  mechanical  mix- 
ture, watei;  readily  dissolves  out  the  nitre,  and  its  specific  gravity 
•Mimot  be  determined  directly.  The  French  use  the  following 
method:  A  cylindrical  glass  vessel  of  uniform  diameter,  the 
tildes  well  ground,  to  which  is  adapted  a  polished  glasB  cover  so 
made  as  to  hermctrically  seal  the  vessel,  is  filled  with  distilled 
▼ater,  carefully  closed  by  sliding  on  the  cover  so  as  to  exclude 
the  air,  and  after  being  wiped  dry  on  the  outside  is  accurately 
Vfi^hed.  The  weight  of  the  vessel  and  cover  having  been  previ- 
ously ascertained,  take  the  difference,  which  will  give  the  weight 
"f  water  which  the  vessel  holds  (  )V).  Find  in  the  same  manner 
the  weight  ( lfr/)  of  a  saturated  solution  of  nitre  which  the  vessel 
holds.  Pour  out  a  portion  of  this,  and  pour  in  1500  grains  of 
zunjKjwder  tl&wly  so  as  to  exclude  the  air ;  fill  up  with  the  satu- 
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rated  solution,  put  on  the  cover,  wipe  the  vessel,  and  again  weigh 
it.  From  this  weight  subtract  the  weight  of  the  vessel  and  cover 
and  the  powder.  The  remainder  will  he  the  weight  of  the  satu- 
rated solution  occupying  the  vessel  with  the  powder.  Subtract 
this  from  the  weight  of  the  solution  before  found,  and  the  remain- 
der will  be  the  weight  (w)  of  the  solution  which  occupies  the 
same  volume  as  the  powder.  Then  W  :  W: :  w  :  w=t\\e  weight 
of  an  amount  of  water  equal  in  volume  to  the  powder;  and 
w  :  1500  grs.  : :  spec,  gravity  of  water  (or  1)  :  specific  gravity  of 

powder.    Or,  specific  gravity  of  powder=^^-r'rR-".    This  oj>cra- 

to 

tion  is  repeated  three  times,  and  the  mean  taken.  Alcohol  may 
be  used  instead  of  the  solution  ;  though  neither  of  them  gives  ]>er- 
fcctly  accurate  results.  The  principal  reason  for  this  seems  to 
be  the  difficulty  of  expelling  all  the  air  in  the  powder.  Another 
cause  of  error  in  the  use  of  nitre-water  is  the  difficulty  of  keeping 
it  in  a  state  of  saturation,  the  heavier  portion  settling  to  the  bot- 
tom ;  and  a  still  greater  cause  of  error  may  result  from  a  slight 
change  of  temperature  during  the  experiment,  causing  the  solu- 
tion to  deposit  some  of  its  nitre,  or  take  up  some  of  that  of  the 
powder.  By  placing  gunpowder  in  any  liquid,  such  as  rectified 
alcohol,  sufficiently  thin  to  penetrate  all  the  pores  of  the  grains, 
it  must  be  in  a  great  measure  disintegrated,  and  furnishes  thus, 
not  the  specific  gravity  of  the  mixture  which  forms  the  powder, 
but  the  combined  specific  gravity  of  the  ingredients  themselves  ; 
and  the  results  would  depend  less  on  the  intimacy  of  the  mixture 
than  on  the  trituration  of  the  ingredients,  which  increases  the 
specific  gravity  of  charcoal,  while  it  decreases  that  of  sulphur. 

Packing. — United-States  powder  is  packed  in  barrels  of  100 
lbs.  each  ;  the  barrels  being  large  enough  to  allow  vacant  space 
sufficient  for  the  powder  to  move  when  rolled,  to  prevent  its 
caking.  They  are  made  of  well-seasoned  white  oak,  hooped  with 
hickory,  cedar,  or  copj>er.  Cedar  is  less  liable  than  hickory  or 
oak  to  the  attack  of  worms.  The  hoops  should  cover  two  thirds 
of  the  barrel,  and  when  made  of  copper  are  fastened  with  copper 
nails.  A  screw-hole  one  and  a  half  inches  in  diameter  is  made  in 
the  head  of  the  barrel,  and  closed  with  a  wooden  screw  with  an 
octagonal  head,  which  renders  the  removal  of  the  head  of  the 
barrel  unnecessary,  and  the  .hoops  can  be  secured  with  copper 
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nails.  To  protect  the  powder  from  moisture,  a  thin  washer  of 
leather  steeped  in  a  solution  of  beeswax  in  spirits  of  turpentine  is 
placed  under  the  head  of  the  screw ;  and,  for  transportation,  a 
piece  of  cloth  should  he  glued  over  the  head.  Dimensions  of 
powder-barrels,  20£  in.  long  by  14  in.  in  diameter  at  the  head. 

Inspection. — The  powder  received  into  the  United-States  ser- 
vice i»  inspected  and  proved ;  a  sample  for  which  is  taken  from 
each  barrel  by  means  of  an  extractor,  a  copper  tube  18  in.  long 
iijd  1  in.  in  diameter,  pointed  at  the  end  and  having  an  opening 
about  9  in.  from  that  end,  by  covering  which  with  the  hand  the 
powder  can  be  poured  from  the  mouth  of  the  tube.  Each  sample 
U  placed  in  a  tin  canister  marked  with  a  number,  a  corresponding 
number  being  placed  on  the  barrel  from  which  it  is  taken.  These 
samples  are  inspected,  and  the  charges  weighed  from  them  when 
tiie  strength  is  tested. 

Characteristics. — The  powder  should  have  an  even  grain, 
angular  and  irregular  in  form  ;  such  being  the  form  which  expo- 
se most  surface  to  the  flame,  and  therefore  burns  most  rapidly  : 
round  grains  burn  slowest.  It  should  be  so  hard  as  not  to  be 
eftfeily  crushed  by  pressure  with  the  finger,  should  leave  no  dust 
whrn  poured  on  the  back  of  the  hand,  and  should  leave  no  bead 
ur  foulness  when  flashed,  ten  grains  at  a  time,  on  a  polished  cop- 
ier plate.  The  6ize  of  the  grains  is  tested  by  means  of  sieves 
laving  holes  of  the  maximum,  minimum,  and  medium  size,  for 
tskli  kind  of  powder.    Ten  grs.  troy,  contain  of 

CANNON  POWDER.  MUSKET  POWDER.  RD7LK  POWDER. 

150  grains.  2,000  or  2,500  grs.  12,000  or  15,000  grs. 

Tonally,  the  uniformity  and  size  of  grain  is  judged  of  by  mere 
in-peetion. 

Proportions. — Before  mixing,  the  ingredients  are  carefully 
weighed  in  the  proper  proportions.  These  depend  upon  the  kind 
"f  powder  to  be  made.  When  it  is  remembered  that  on  the  quan- 
!ity  of  oxygen  present  depends  the  rate  of  burning  of  the  charcoal, 
it  will  readily  be  perceived  why  it  is  that  to  produce  a  quick- 
tarning  powder  we  must  increase  the  amount  of  nitre ;  as  the 
**me  amount  of  consistency,  however,  is  required,  the  sulphur, 
which  produces  this,  remains  the  same,  and  the  nitre  is  increased 
« the  expense  of  the  charcoal.    Different  nations  vary  slightly 
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the  proportions  for  military  powders.  In  the  United  States  two 
sets  are  used,  as  follows : 

NITRE.  CHARCOAL.  8CLPHUR. 

(1)  76  14  10 

(2)  75  15  10 
This  also  is  the  English.    In  France  the  proportion  is — 

75  12*  12* 

and  in  Prussia,         75  13*  11* 

For  sporting-powder,  which,  of  course,  burns  much  quicker 
than  other  kinds,  France  and  the  United  States  have  adopted — 

78  12  10 

wliich  England  has  varied  slightly  by  taking — 

78  14  8 

and  75  17  8 

In  blasting-powders,  which  it  is  not  necessary  should  burn 
fa6t,  France  has  adopted — 

62  20  18 

Gunpowder  explodes  when  suddenly  submitted  to  a  tempera- 
ture of  about  600°.  It  will  also  explode  when  struck  a  violent 
blow  with  a  hard  substance.  This  may  be  demonstrated  satisfac- 
torily by  firing  from  a  rifle  a  hollow  pointed  ball  having  a  few 
grains  of  powder  in  the  aperture  near  the  apex,  against  an  iron 
target:  on  striking,  the  powder  explodes.  It  is  more  than 
probable  that  many  premature  explosions  of  shells,  and  more 
especially  of  spherical-case  shot,  in  the  bore  of  guns  are 
due  to  this  fact,  instead  of  to  the  driving  in  of  the  fuze,  as 
has  been  sometimes  supposed.  Moderate  heat  applied  to  the 
constituents  of  gunpowder  separately,  produces  no  chemical 
change.  If  applied  to  sulphur  and  charcoal  mixed,  a  substance 
(bi-sulphuret  of  carbon)  is  produced  which  may  be  condensed  to 
a  liquid.  If  charcoal  and  nitre  be  reduced  to  fine  powders,  mixed 
and  heated,  the  two  combine  and  deflagrate,  as  has  been  6tated, 
but  not  violently,  forming  carbonate  of  potassa,  nitrogen,  carbonic 
oxide,  and  carbonic  acid,  of  which  the  first  only  is  solid — com- 
bined in  such  proportions  that  none  of  them  arc  left  uneonsumed  ; 
the  volume  of  the  gas  resulting  is,  of  course,  a  maximum,  and  is 
about  1,000  times  the  volume  of  the  ingredients.  This  combina- 
tion would  give  but  small  projectile  force  in  a  gun,  as,  burning 
but  slowly,  it  would  only  be  partly  consumed,  and  throw  the  rest 
of  the  charge  with  the  ball  from  the  gun,  producing  on  the 
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ball  but  little  effect.  Sulphur  and  nitre,  powdered,  mixed,  and 
having  heat  applied  so  as  to  first  melt  them,  explode  with  great- 
violence,  though  the  gas  evolved  is  somewhat  less  in  volume  than 
in  the  other  case.  The  greater  violence  is  probably  due  to  the 
more  intimate  mixture  of  the  two  substances  in  consequence  of 
their  liquid  state,  and  the  greater  heat  resulting  from  the  burning 
of  the  sulphur.  The  substances  formed  in  this  case  are  sulphuret 
°f  potassium y  nitrogen,  and  sulphurous  acid.  A  mixture  of  this 
kind  would,  in  its  effect,  resemble  too  strongly  a  fulminating  pow- 
der to  be  used  as  a  projectile  force,  and  would  probably  burst  the 
Iran.  Now,  a  powder,  to  give  a  good  projectile  force,  must  neither 
bum  too  6low  as  in  the  first  case,  nor  too  fast  as  in  the  last ;  so  by 
adding  sulphur  to  the  first,  we  increase  the  intensity  of  the  flame 
and  rate  of  burning,  and  by  charcoal  in  the  second,  produce  the 
contrary  effect,  thus  striking  the  medium  and  producing  gun- 
powder. The  proportion  of  the  ingredients  has  been  arrived  at 
>»v  calculation  (by  means  of  their  chemical  equivalents);  and 
repeated  experiments  give  results  almost  identical. 

TllUS,   NITRE.         CHARCOAL.  8ULPHCR. 

Atomic  theory,     74.64         13.51  11.85 
Practice,  76  14  10 

Prussia  has  followed  the  theory  even  more  closely.  Thus, 

75  13.5  11.5 

Combustion. — The  substances  resulting  from  the  combustion 
of  gunpowder,  are  nitrogen  and  carbonic-acid  gas — both  highly 
elastic  gases ;  sulphuret  of  potassium,  which  produces  the  sul- 
phurous smoke,  and  in  part  adheres  to  the  sides  of  the  bore. 
Brought  in  contact  with  water,  sulphureted  hydrogen  is  produced, 
closing  the  offensive  smell  noticed  in  washing  out  a  gun. 

It  has  been  stated  that  burning  a  small  quantity  of  powder  is 
a  good  test  of  its  quality ;  leaving  no  residue  when  burnt  on  white 
p»{*?r,  therefore,  shows  the  proportions  are  correct  and  the  pow- 
<kr  properly  made.  Should  it,  however,  blacken  the  paper,  it 
contains  too  much  charcoal;  while  a  yellow  stain,  shows  too  much 
t-nlphur.  Its  color  should  be  a  dull,  brownish  black  or  slate,  not 
#iiining.  If  black,  too  much  charcoal  has  been  used  ;  and  this 
Uing  the  principal  absorbent  in  powder,  such  a  one  will  soon 
•Irterioratc  from  moisture.  The  grains  should  be  sharp  and  angu- 
lar, a*  these  present  a  greater  surface  to  the  action  of  the  flame 
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and  ignite  quicker  than  round  grains.  When  thrown  from  the 
hand  it  should  leave  no  dust,  winch  fills  up  the  intervals  between 
the  grains,  and  forming  a  compact  mass  retards  combustion  very 
much.  When  the  grains  are  very  large,  a  mixture  of  fine  grains 
(not  dust)  is  advantageous,  as  they  serve  to  transmit  the  flame 
from  one  grain  to  another,  and  thus  assist  combustion. 

Ignition  and  combustion  of  powder  must  not  be  confounded. 
Ignition  takes  place  when  it  begins  to  develop  light  and  heat,  and 
this  takes  plaec  from  grain  to  grain  with  great  rapidity,  assisted 
as  it  is  by  the  gas  first  produced  forcing  the  flame  through  the 
other  portion  ot  the  grains.  Combustion  takes  place  more  slowly, 
and  refers  to  the  total  decomposition  of  all  the  grains,  and  the 
total  evolution  of  all  their  gases. 

The  larger  the  grains,  the  more  rapid  is  the  ignition,  but  the 
slower  the  combustion.  With  small  grains  the  ignition  is  slower, 
but  the  combustion  much 'faster ;  and  hence,  in  small-arm6,  when 
small  grains  are  used,  the  projectile  gets  the  full  force  of  the 
powder  in  a  smaller  space  than  in  large  guns. 

Powder  is  a  poor  conductor  of  heat;  and  hence,  in  a  compact 
mass,  as  a  rocket  filled  with  meal-powder,  or  a  cake,  if  one  end 
is  lighted,  combustion  will  take  place  very  slowly.  This  shows 
the  importance  of  graining  powder. 

•  Ramming. — In  small  arms  the  charge  is  rammed  ;  because,  be- 
sides increasing  slightly  the  distance  the  ball  has  to  pass  over 
before  leaving  the  gun,  it  retards  slightly  the  ignition  of  the  pow- 
der, which,  from  the  rapid  combustion  of  6mall  grains,  has  still 
time  enough  to  develop  its  full  force  before  the  ball  leaves  the 
bore.  Ramming  is  not  advantageous  in  large  guns  ;  since,  as  it 
decreases  the  ignition,  the  large  grains  would  not  all  be  consumed 
by  the  time  the  ball  reached  the  mouth  of  the  piece. 

Pkes8Uue. — Supposing  a  powder  to  be  formed  according  to  the 
theory  of  chemical  equivalents,  which  is  nearly  in  accordance 
with  the  practical  formula,  it  is  found  that  135  grains  occupying 
a  space  of  about  3-10  of  a  cubic  inch,  will  furnish  gases  which 
occupy  about  C23  times  that  space.  But  in  an  explosion  these 
gases  are  evolved  at  a  very  high  temperature,  which,  of  course, 
increases  immensely  their  bulk,  besides  converting  the  sulphuret 
of  potassium  into  vapor.  The  volume  has  been  estimated  as  high 
as  5,000  times  the  original  bulk  ;  and  Gen.  Piobert  estimates  the 
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•niinarr  maximum  pressure  of  these  gases  on  a  projectile  at 
letween  2,000  and  3,000  lbs.  to  the  square  inch.  Figures,  how- 
ever, are  merely  approximations,  and  no  definite  idea  can  be 
^iveii  of  the  absolute  force  of  gunpowder.  The  expansion  of  pow- 
<Ut,  however,  like  everything  else,  has  its  limit ;  and  the  idea  once 
-utertained,  that  a  thimbleful  of  powder  completely  confined  at 
the  center  of  the  earth  would,  if  ignited,  produce  a  general  earth- 
quake, is  now  exploded.  During  some  recent  experiments  with 
cortcussioii  fuzes,  an  8-inch  shell  was  charged  with  ^  lb.  of  fine 
ride- powder,  and  a  bronze  fuze-plug  screwed  in.    The  shell  did 

explode,  but  on  being  recovered  and  an  attempt  made  to  un- 
f.-rvw  the  fuze  plug,  it  was  found  impossible  to  remove  it.  An 
attempt  to  remove  an  iron  screw  which  stopped  a  smaller  hole 
Tiiol  for  charging  the  shell,  met  with  a  similar  result.  By  means 
•■•!  cold-chisels  and  punches  a  hole  was  now  drilled  through  ;  but  no 
-ivntT  was  an  entrance  made  than  the  tool  was  hurled  from  the 
Turkman's  hand  across  the  room,  he  himself  was  knocked  back- 
*ard  with  a  feeling  on  his  hand  and  arm  as  if  burnt,  and  the 
"•■a^ing  gas  made  a  noise  like  the  escape-pipe  of  a  small  stcam- 
♦nrine.  This  powder,  therefore,  in  a  gaseous  form,  had  been 
.•-rttled  up  for  several  hours  in  the  shell.  The  same  thing  oc- 
•■iired  several  times,  and  the  workmen  soon  became  more  careful 
•n  opening  recovered  concussion  shells.  A  simple  remedy  was 
•*x«n  found,  however,  by  increasing  the  charge  to  1  lb. 

Ignition. — Powder  does  not  inflame  instantaneously.  It*  it 
'.i-i.  no  gun  could  be  made  strong  enough  to  resist  its  force.  Its 
lamination  is  gradual  and  progressive,  and  in  a  gun  the  projec- 
*-lv  commences  to  move,  probably,  before  all  the  charge  is  igni- 
'•M.  The  development  of  its  force  is  affected  by  the  proportion 
t' the  space  which  it  occupies,  to  the  space  around  it  in  the  gun. 
I*  1*  found  that  as  this  vacant  space  increases,  the  projectile  force 
•t  the  powder  greatly  decreases,  while  its  absolute  force  or  shock 

ma  to  increase.  Thus,  for  instance,  when  a  ball  is  not  rammed 
••'•A*,  it  ift  not  moved  by  the  first  portion  of  the  gas  evolved,  but 
'  remains  stationary  until  nearly  the  whole  force  of  the  charge  is 

i!.»ped,  when,  acting  by  its  inertia  against  the  immense  shock 
*  this  force,  the  violent  reaction  of  the  fluid  takes  effect  before 
*U  hall  moves,  and  bursts  the  gun.  In  the  same  way,  a  musket 
muzzle  has  been  stopped  with  mud,  or  even  snow,  has  been 
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known  to  burst  just  behind  the  obstruction.  As  a  gun  is  usually 
loaded,  the  ball  moving  with  the  fir6t  gas  generated,  its  inertia  is 
gradually  overcome,  it  furnishes  space  by  degrees  as  the  develop- 
ment  of  the  gas  requires  it ;  no  shock  is  felt,  and  nearly  the  whole 
force  of  the  powder  is  transferred  to  the  ball  instead  of  the  gun. 

Testing. — Besides  the  tests  of  the  external  sense.-*  applied  to 
powder,  analysis  is  sometimes  resorted  to.  The  simplest  method 
is  to  dissolve  out  the  nitre  with  pure  water,  and  the  sulphur  by 
the  aid  of  a  solution  of  potash,  thus  isolating  the  charcoal.  These, 
when  dry,  are  weighed.  Should  the  solution  of  nitre  precipitate 
nitrate  of  silver,  the  presence  of  common  salt  or  carbonate  of  soda 
would  be  shown.  If  it  blacken  a  solution  of  acetate  of  lead,  hy- 
dro-sulphuric acid  is  present ;  other  chemical  tests  may  be  applied 
to  determine  the  presence  or  absence  of  other  impurities. 

Rate  ok  Binning. — Its  rate  of  burning  mav  be  determined  bv 
noting  the  time  taken  for  the  flame  to  travel  from  one  end  of  a 
uniform  groove,  in  a  plank  or  piece  of  metal  tilled  evenly  with 
powder,  to  the  other,  protecting  the  flame  from  the  action  of 
winds,  «fcc.  The  relative  rates  of  two  similar  kinds  of  powder 
may  be  determined  by  filling  such  a  groove,  circular  in  form,  one 
half  with  each  kind  of  powder,  and  applying  a  light  at  one  of 
their  points  of  meeting.  Of  course,  the  one  which  burns  past  the 
opposite  point  of  meeting,  is  the  fastest  powder.  This  test  i6  the 
most  satisfactory  when  applied  to  small-grained  powder,  which 
can  be  placed  evenly  in  the  groove.  All  the  powder  used  in  the 
[Tnited  States'  service  is  made  in  private  factories ;  but  before 
being  accepted,  is  examined  and  tested  by  officers  of  the  army, 
who  apply  all  the  foregoing  tests,  besides  applying  those  in  regard 
to  strength.  These  last  have,  until  late  years,  been  very  unsatis- 
factory and  imperfect,  being  the  results  of  experiments  with  the 
mortar  eprouvett<\  the  inaccuracy  of  which  will  be  presently 
shown.  Since  the  adoption  of  the  "  gun-pendulum  eprouvettc," 
much  more  satisfactory  results  have  been  obtained  :  but  it 
remained  for  (.'apt.  Nave/,  of  the  Belgian  army.  t«»  attain  the 
highest  degree  of  arc u racy  in  determining  this  important  element 
of  gunpowder,  by  the  invention  oT  the  wonderful  electro-ballistic 
apparatus. 

Testing  wrrn  tiik  Moktak  Eproi-vettk. — Powder  wasfonnerlv 
tested  by  means  of  the  mortar  eprouvette,  a  small  piece  used  for 
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this  purpose  alone,  and  cast  with  an  iron  bed-piece  (or  sole),  the 
j.dane  of  which  makes  an  angle  of  45°  witli  the  axis  of  the  piece. 
An  iron  bed-plate,  countersunk  to  receive  the  piece  cast  on  the 
mortar,  is  solidly  placed  in  a  level  position,  so  that  when  the  mor- 
tar is  in  its  |  lace,  its  axis  has  an  elevation  of  4oc.    It  is  carefully 
loaded  with  the  powder  to  be  tried,  and  a  ball,  which  is  first  accu- 
n&telv  weighed,  and  then  fired.    Being  elevated  at  45°  the  range 
will  be  the  greatest  possible  for  that  quantity  of  that  kind  of  pow- 
der, and  for  that  piece  ;  but  will  it  be  indicative  of  its  strength  in 
any  other  quantity  or  piece  ?  It  is  found  that  the  force  of  powder 
doe?  not  increase  at  all  regularly  as  the  quantity  in  the  charge  is 
increased,  but  irregularly,  and  in  a  much  greater  proportion. 
Hie  result  then  obtained  by  using  a  small  charge  gives  no  indica- 
tion of  the  effect  with  a  large  one,  when  the  heat  is  so  much 
greater,  and  consequently  the  tension  of  the  gases  so  much 
increased.    The  eprouvette  mortar  being  very  short,  if  the  pow- 
dt-r  tried  is  a  very  quick  one,  of  fine  grain  (rifle-powder,  for 
stance),  the  whole  force  will  be  expended  on  the  ball  before  it 
leaves  the  piece,  and  a  greater  range  will  be  obtained  than  with 
a  large-grained,  slow-burning  powder  such  a>  is  used  in  cannon. 
But  experiment  has  fully  demonstrated  that  this  last  is  the  very 
kind  of  powder  which  in  practice  gives  the  greatest  ranges ;  so 
that  the  mortar  eprouvette  gives  in  this  case  the  very  opposite  of 
tbe  truth.    It  has.  therefore,  been  discarded  as  a  proper  test  for 
the  strength  of  powder;  though,  for  want  of  a  better,  it  may  be 
need  for  determining  the  relative  strength  of  different  kinds, 
when  they  are  all  obtained  from  the  same  factory,  and  it  is  known 
that  the  same  ingredients  and  the  same  manner  of  making  it  have 
i»een  employed. 

The  Hits  and  Baixistic  PK.vnrLrM.— The  only  true  manner  of 
determining  the  relative  strength  of  powder  is,  to  measure  its 
-.■fleets  when  fired  under  the  same  circumstances  as  it  is  to  be  em- 
ployed in  service,  using  the  kind  of  piece,  the  quantity  of  powder, 
Mid  weight  of  projectile,  that  is  to  be  used  in  the  field.  A  great 
improvement  has,  therefore,  been  made  in  the  adoption  of  the  pen- 
dulum eprouvette  ;  which  consists  of  a  gun,  usually  a  G  or  12  pdr. 
*Jnng  on  a  horizontal  axis  in  such  a  way  that  the  axis  of  the  gun 
pa«ea  through  the  center  of  oscillation  of  the  pendulum  thus 
formed,  and  is,  when  the  gun  is  fired,  perpendicular  to  the  ver- 
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tical  plane  passing  through  the  axis  of  suspension.  The  axis  then 
receives  no  shock,  and  knowing  the  time  of  oscillation  of  the  pen- 
dulum, a  formula  is  easily  deduced,  by  which  the  initial  velocity 
of  the  shot,  or  the  space  passed  over  in  the  first  second  of  time 
after  it  leaves  the  bore,  is  determined.  This  instrument  is  called 
the  gun  pendulum.  The  ballistic  pendulum  consists  of  a  hollow 
cast-iron  f rust  rum  of  a  cone,  slung  in  the  same  way  as  the  gun. 
with  its  axis  in  the  same  horizontal  plane  as  the  axis  of  the  gun 
when  at  rest.  This  cone  is  filled  with  sand  packed  in  baskets 
destined  to  receive  the  ball  fired  from  the  gun  pendulum,  or  from 
a  stationary  gun.  A  graduated  arc  under  each  of  these  pendu- 
lums shows,  by  means  of  a  sliding-pointcr,  the  angle  through 
which  they  recoil  when  the  first  is  fired,  or  the  second  struck  by 
the  ball.  This  angle  is,  of  course,  the  element  from  which  the 
initial  velocity  is  determined.  These  pendulums  may  be  used 
together  or  separately ;  but  when  used  together  they  sjcrve  as 
checks  on  each  other,  and  great  accuracy  has  been  attained  in 
determining  the  force  of  powder,  as  well  as  many  other  points 
important  to  the  science  of  artillery,  such  as  the  proper  size  of  the 
charge,  its  form,  the  proper  position  of  the  vent,  the  best  length 
of  bore,  thickness  of  metal,  form  of  gun,  the  effect  of  wads  and 
sabots  on  the  force  and  accuracy  of  the  shot.  But  these  data, 
after  all,  are  true  only  for  the  gun  which  is  used  in  the  pendulum, 
and  it  by  no  means  follows  that  points  which  have  been  detenu 
ined  for  a  t>  or  12  pdr.  will  hold  good  for  a  32  or  42  pdr. ;  so  that 
for  any  gun  below  or  above  calibers  used,  the  results  are  simph 
approximate  calculations. 

It  is  evident  that  by  using  the  gun-pendulum,  too  large  an  an- 
will  be  obtained,  giving,  consequently,  too  great  a  result,  whilst 
with  the  ballistic,  too  small  an  arc  and  velocity  will  be  shown;  a* 
in  the  latter  case  the  ball  by  its  weight,  will  tend  to  retard  the 
recoil  of  the  pendulum,  whilst  in  the  former  it  passes  to  the  front 
««f  the  center  of  gravity,  and  the  gns  is  still  acting  on  the  bottom 
of  the  bore  to  increase  the  recoil  of  the  gun  after  the  ball  has  left 
its  mouth,  and  received  its  initial  velocity.  A  mean,  then, 
between  the  two  processes  should  give  the  truest  result.  Great 
pains  are  taken  in  weighing  and  adjusting  the  powder  and  ball, 
measuring  the  spaces  occupied  by  them  in  the  gun,  in  adjusting 
the  axis  of  the  gun  and  pendulum  block  in  the  same  line,  so  as  to 
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»trike  the  block  iu  as  near  the  same  place  as  possible  every 
rime. 

To  Benjamin  Robins  is  due  the  invention  of  these  pendulums, 
which,  under  the  improvements  of  Hutton,  have  made  such  a 
srrcat  stride  towards  perfection  in  the  determination  of  the  strength 
:  gunpowder.  Could  the  process,  with  any  sort  of  economy,  be 
applied  to  guns  of  all  sizes,  little  else  would  apparently  be  left  to 
desired  by  the  most  enthusiastic  artillerist;  but  this  great  im- 
provement seems,  like  most  others,  to  have  had  its  day,  and  to  be 
obliged  to  give  place  to  one  destined,  it  is  thought,  to  supersede 
it  entirely,  and  of  such  accuracy  and  minuteness  in  its  results  as 
-»jrra  to  preclude  the  idea  of  any  farther  improvements  in  the 
measurement  of  the  flight  of  projectiles. 

Xavkz's  Machine.— It  is  evident  that  if  any  machine  can  be 
yr>  duccd  for  measuring  the  flight  of  projectiles,  and  can  be  indis- 
rinnnately  applied  to  every  gun  used  as  it  is  in  actual  service, 
*iid  he  made  to  exhibit  accurately  the  time  occupied  by  the  ball 
in  passing  over  different  parts  of  the  trajectory,  the  whole  prob- 
lem of  measuring  the  force  of  gunpowder  is  solved,  to  say  nothing 
■f  the  many  other  important  results  which  follow  the  possession 
"f  ftich  knowledge. 

Such  an  instrument  has  been  invented  in  the  electro-ballistic 
•jparatus  of  Capt.  Navez,  of  the  Belgian  army  ;  and  one  cannot 
svad  the  accounts  of  its  wonderful  operations  without  being  struck 
■  ith  astonishment  that  such  an  instrument  should  have  been 
iiwnted  ten  or  twelve  years  ago,  and  adopted,  since,  into  almost 
♦very  European  army,  without  finding  its  way  into  this  country, 
■r,     Iea*t.  being  heard  of  bv  more  than  one  or  two  of  our  most 
''rrunate  officers.    One  of  these  instruments  has  already  been 
i'tained  for  the  Military  Academy,  and  two  more  have  been 
rdered  f'-r  the  government;  so  that  it  is  to  be  hoped  we  will 
'■ef'Tc  long  be  enabled,  with  the  rest  of  the  world,  to  reap  some 
(  the  advantages  flowing  from  this  new  and  wonderful  applica- 
tion of  electrical  power. 

The  apparatus  consists  of  three  distinct  parts  :— 
1   The  pendulum. 

The  conjunctor,  or  establishcr  of  currents  ;  and 
The  disjunctor,  or  interrupter  of  currents. 
The  first  consists.  Fig.  4.  Plate  1,  of  a  strong  vertical  plate  of 
t  ru*«,  I,  L,  to  which  is  attached  a  pendulum.  P.  the  disk  of  which 
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is  also  of  brass,  hut  has  inserted  in  its  side,  at  j)>  a  small  piece  of 
wrought  iron.  The  rod  of  the  pendulum  is  of  steel,  and  is  inserted 
into  a  piece  of  very  hard  bronze,  which  serves  as  an  axis  of  suspen- 
sion for  the  pendulum.  It  is  sustained  in  position  by  two  cylindrical 
pivots  of  cast  steel,  forming  the  extremities  of  two  screws,  one  of 
which  is  seen  in  the  figure  at  i\  The  other,  which  is  opposite  on 
the  other  side  of  the  plate,  is  held  in  position  by  what  clock-ma- 
kers call  a  bridge.  The  pendulum  is  hung  with  great  delicacy  ; 
the  pivots  being  very  small,  the  screws  on  which  they  are  placed 
being  very  fine-threaded,  and  counter-screws  are  provided  to  fix 
their  position  when  once  adjusted. 

The  bronze  axle  passes  through  another  piece  terminated  by  a 
circle  of  iron  R,  and  the  two  are  so  nicely  fitted  that  when  the 
axis  moves,  R,  by  friction,  is  carried  around  with  it ;  and  this  fric- 
tion may  be  further  regulated  by  the  spring  r,  one  branch  of 
which  is  fixed  to  the  shoulder  of  the  axle  a,  and  the  other  presses 
against  a  corresponding  shoulder,  b%  on  the  piece  through  which 
the  axle  passes ;  by  means  of  the  screw  #  these  two  shoulders  are 
pressed  together,  and  the  friction  increased,  or  the  reverse.  This 
arrangement  is  shown  in  section  by  figure  5,  Plate  1.    By  this 
arrangement  the  pendulum  in  its  movement  carries  around  with 
it  the  iron  circle  R,  together  with  the  pointer  I,  which  is  fixed  to 
it.    The  screw  «,  which  passes  throngh  the  pointer  and  rests 
against  the  plate  R,  serves  to  regulate  the  distance  of  the  vernier, 
V,  from  the  large  plate  L  L.    A  pin,  T,  stops  the  pointer  in  such 
a  position  that  the  zero  of  the  vernier  coincides  with  the  zero  of 
the  graduated  arc,  A  B,  divided  into  150°.    The  vernier  enables 
us  to  read  to  the  twentieth  part  of  a  degree,  or  three  seconds.  An 
opening  is  made  near  the  edge  of  the  plate  L  L.  through  which 
passes  the  end  of  an  electro-magnet,  shown  at  Q.  Tin's  is  mounted 
in  such  a  way  that  it  can  be  moved  up  and  down  by  the  screw 
K.    At  the  center  of  the  plate  J,  L,  is  placed  a  circular  opening 
equal  in  diameter  to  the  small  plate  R,  allowing  the  entrance  of 
the  two  extremities  of  a  strong  horse-shoe  electro-magnet  which 
is  placed  behind  the  plate  L  L.    The  two  ends  of  it  approach  each 
other  sufficiently  to  allow  them  to  fit  accurately  into  the  opening 
in  the  plate.    The  interval  between  thcin  is  filled  by  a  plate  of 
brass,  pierced  to  allow  the  passage  of  the  axle  of  the  pendulum. 
This  brings  the  back-face  of  the  plate  R  directly  in  front  of  and 
near  the  extremities  of  the  magnet. 
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Tlic  instruiTieiit  is  fastened  to  a  solid  piece  of  wood,  which  is 
leveled  by  means  of  spirit-levels  and  screws,  seen  at  X,  C,  D,  &c. 
The  whole  should  be  inclosed  in  a  glass  case. 

Thk  Conjunxtor.    Fig.  6,  PL  1. 

An  electro-magnet,  E,  moves  along  the  column  C;  its  move- 
ments being  regulated  by  the  screw  V.  Two  strips  of  copper, 
Wnt  in  zigzags,  serve  to  establish  communication  between  the 
magnetic  wire  and  the  screws  5  and  6. 

Cndcr  the  electro-magnet  is  a  small  iron  cup,  M,  in  which  some 
mercury  is  placed.  The  screw  II  passes  through  the  side  of  the 
cup.  and  serves  to  regulate  the  height  of  the  mercury.  Around 
the  cup,  and  extending  a  short  distance  above  it,  is  placed  the 
t»iu?*.  cylinder,  O.  A  copper  ribbon  or  wire,  R,  connects  the  cup  of 
mercury  with  the  screw  7.  From  the  screw  8  a  blade  of  tempered 
*tfcvl.  I.,  pmjects,  the  end  of  which  being  directly  over  the  cup, 
!ins  an  iron  point  projecting  downwards  towards  the  mercury. 

A  leaden  weight,  P,  surmounted  by  a  piece  of  wrought  iron, 
:?  krpt  in  the  position  shown  in  the* figure  by  the  attraction  of  the 
electro-magnet,  E,  when  active.  The  wooden  base  to  which  this 
apparatus  is  fixed  is  leveled  by  means  of  three  leveling  screws, 
A,  P»,  and  0,  and  a  plumb-line  hung  in  the  inside  of  the  column, 
4iid  sevr.  through  slits  cut  along  the  length  of  the  column. 

Tut  Di*Ji  Nt-roR.    FUj.  7,  PL  1. 

Tw..  blades  of  copper,  L,  I.,  separated  by  a  piece  of  ivory,  and 
tept  in  position  by  a  stirrup  lined  inside  with  ivory,  are  con- 
nect<*l,  the  one  with  screw  ft,  the  other  with  10  by  copper  bands 
running  on  the  under  side  of  the  board  on  which  this  instrument 

built. 

Two  cither  similar  blades,  L  \J.  which  are  also  separated  by 
iv.^rv,  form  a  movable  system  whose  extremitv  mav  be  intro- 
duced  between  the  blades  L  and  L,  rubbing  them  slightly  as 
ihev  enter.  Each  of  these  movable  blades  is  connected  by  the 
rijjzAg  copper  ribbons  B  I»,  with  a  screw  on  its  own  side  of  the 
platform  (1 1  and  12). 

A  steel  rod  jointed  to  the  piece  of  ivory  separating  the  mova- 
ble blades,  passes  through  the  cylinder,  C,  and  having  a  thread 
cut  on  the  end,  screws  into  the  knob,  E.    In  the  cylinder  C  is 
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placed  a  strong  spring,  which,  acting  on  the  movable  blades, 
keeps  them  separated  from  the  fixed  ones.  By  pressing  on  the 
knob  E,  the  spring  yields  and  the  movable  blades  are  pushed  up 
between  and  in  contact  with  the  others.  The  nose  of  a  seer  be- 
neath the  plutforra,  and  pushed  up  by  a  small  spring,  catches  in 
a  notch  made  in  the  steel  rod,  and  holds  it  and  the  blades  in  that 
position  until  by  pressing  on  the  trigger  at  D,  the  nose  of  the  seer 
is  disengaged  and  the  blades  L'  L  fly  back. 

These  constitute  the  apparatus  of  Capt.  Navez ;  which,  for  use, 
is  placed  securely  under  shelter,  where  it  will  be  completely  pro- 
tected from  the  weather. 

The  pendulum  and  eonjunctor  are  placed  on  a  heavy  table, 
the  feet  of  which  rest  on  solid  ground,  and  no  part  of  which 
touches  the  walls  of  the  building,  in  order  that  no  disturbance 
may  result  to  the  instruments  from  the  firing  of  the  gun. 

The  disjunctor  is  placed  upon  a  small  table  not  touching  the 
other.  The  working  of  the  disjunctor  causes  a  jerk  which  might 
interfere  with  the  operation  of  the  eonjunctor  if  placed  on  the 
same  table  with  it. 

Figs.  4,  6,  and  7,  PI.  I.  represent  the  three  instruments  in 
their  proper  positions. 

It  is  very  important  to  place  the  pendulum  in  such  a  position 
that  the  oscillating  system  between  it*  initial  point  and  that  of 
stable  equilibrium  shall  have  passed  over  an  angular  distance  of 
75°,  corresponding,  from  the  construction  of  the  instrument,  to  one 
half  the  graduated  arc.  This  is  effected  in  the  following  manner: 
The  pendulum  bed  is  first  leveled  by  means  of  the  lcveling- 
serews.  The  disk  is  then  raised  until  the  small  piece  of  iron,^>, 
comes  in  contact  with  the  end  of  the  electro-magnet  at  Q.  The 
pointer  carried  around  by  the  movement  of  the  pendulum  will 
rest  against  the  pin  T,  and  the  zero  of  the  vernier  coincide  with 
the  zero  of  the  limb.  Let  go  the  pendulum,  and  allow  it  to  conn- 
to  a  state  of  rest.  If  in  that  position  the  zero  «.f  the  vernier 
coincides  with  the  seventy-fifth  degree  of  the  limb,  the  instrument 
is  properly  adjusted.  If  it  does  not,  the  electro-magnet  i*  lowered 
or  raised  by  the  screw  K,  and  the  operation  is  repeated  until  the 
zero  does  coincide  with  the  seventy-fifth  degree.  Before  raising 
the  pendulum,  see  that  the  pointer  is  situated  somewhere  between 
<•  and  7'>r.  The  moment  the  pointer  strikes  the  pin,  the  axis  of 
suspension  will  commence  t»»  turn  in  the  washer  which  support- 
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tiie  pointer,  and  continue  to  do  so  till  the  disk  meets  the  mag- 
net, Q. 

To  regulate  the  smjmmon  of  the  pendulum,  the  screw  behind 
the  plate  L  L  is  withdrawn  far  enough  to  allow  the  plate  R  to 
come  in  contact  with  the  electro-magnet  behind  it.  It  is  then 
screwed  slowly  in  again  until  the  pivot  of  suspension  acting 
igainst  the  axis  of  suspension  pushes  back  the  oscillating  system 
far  enough  to  separate  the  plate  R  from  the  magnet.  The  space 
Wtween  the  two  should  not  be  greater  than  .004  of  an  inch. 
Tut  extremity  of  the  other  point  of  suspension  should  not  touch 
the  bottom  of  its  aperture  by  about  .02  of  an  inch.  The  tension 
v<f  the  spring  r  is  regulated  by  the  screw  8  in  such  a  manner  that 
the  pointer  shall  be  carried  around  with  the  pendulum.  The 
vernier  is  placed  very  near  the  graduated  limb,  by  means  of  the 
*tvw  u. 

The  conjunctor  being  placed  along-side  of  the  pendulum,  its 
vluinn  is  placed  in  a  vertical  position  by  mean  of  its  plumb-line 
iiid  the  leveling  screws.  The  mercury  in  the  cup  should  be  pure 
imi  brilliant,  and  have  its  surface  just  below  the  end  of  the  iron 
i->int  h'xed  to  the  steel  blade  L.  This  is  regulated  by  the  screw  H. 

The  disjunctor  is  placed  on  its  table  by  the  side  of  the  con- 
junctor;  and  the  distance  the  nose  of  the  seer  is  to  enter  the 
ri'rteh  in  the  steel  rod  is  regulated  by  the  assistance  of  a  small 
ecrew  placed  under  the  bed  of  this  instrument.  The  pressure  of 
tiie  fixed  blades  on  the  movable  ones  may  be  slightly  increased 
W  moving  the  screw  /,  which  acts  upon  the  ivory  of  the  stirrup; 
:>t;t  this  should  not  be  much  used,  as  it  is  designed  to  rectify 
■:.«■  effects  of  use  on  the  instrument.  Two  galvanic  batteries  are 
o«*ied  to  work  the  apparatus.  Bunsen's  are  generally  used 
N  ;  and  to  avoid  corroding  the  instruments  from  the  gases 
'■v.,lved.  the  batteries  are  placed 

•iit-ide  of  the  building  which  con-  .  % 

•am.*  the  instruments.    Two  target  j  j  —  >  (~ 

•rame-,  C  and  (*',  PI.  2,  are  placed 
;^mg  the  line  the  shot  is  to  travel, 

»iv)  ut  Mich  distances  as  to  com- 
}>t\h-  between  them  that  part  of  the 
•rajvetory  the  time  in  describing 

it  i*i  designed  to  measure.  f  -  * 
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The  size  of  these  frames  will  depend  upon  the  distances  at  wind 
they  are  placed  from  the  piece,  and  the  accuracy  of  fire.  Tliea 
frames  are  covered  with  copper  wire  in  parallel  lines,  thi 
spaces  between  being  about  two-thirds  the  diameter  of  th 
shot  to  be  used.    The  wire,  which  must  be  annealed,  i 
supported  on  nails  covered  with  gutta  percha  (Fig. 
which  are  driven  along  the   uprights   of  the  frain 
The  size  of  the  wire  will  depend  upon  the  size  of  t 
gun  used.    If  cannon  is  used,  it  should  be  about  1-10 
an  inch  in  diameter.    If  small  arms,  not  more  than  li 
that  size  will  suit  better. 

With  very  large  target  frames  it  is  better  to  place  t 
y     lines  of  wire  vertically,  in  order  to  avoid  injury  from  th 
Kig.o.  being  thrown  around  horizontally  when  struck  by  the  p 
jeetile ;  when  it  is  necessary  to  make  these  lines  very  long, 
second  set,  which  should  be  non-conductors,  is  woven  into 
other  in  a  direction  perpendicular  to  them.    Cotton  cord  cover 
with  a  coating  of  varnish,  is  very  good  for  this  purpose. 

The  apparatus,  batteries,  and  targets,  are  connected  by  meal 
of  the  smaller  wire  (1-20  of  an  inch),  which 
is  held  in  its  position  by  the  press-screws  of 
the  different  instruments.  Posts  ten  or  fif- 
teen yards  apart  are  used  to  support  the  wire 
running  to  the  targets,  being  provided  for 
this  purpose  with  nails  covered  with  gutta 
percha,  each  one  of  which  to  protect  it  against 
moisture  has  over  it  a  small  rectangular  piece 
of  zinc,  curved  downward  and  fastened  in  the 
post  as  represented  in  Fig.  10. 

Where  the  conductors  pass  through  the 
walls  of  the  building,  they  should  be  pro- 
tected by  gutta-percha  tubes,  through  which 
they  run. 

For  the  conductor  between  the  different  parts  of  the  appara-j 
tus,  the  wire  should  be  covered  with  silk  or  varnished  cotton. 
This  precaution  is  necessary  to  avoid  accidental  deviations  of  the 
currents  by  the  wires  touching  each  other ;  but  outside  of  the 
building  in  which  the  instruments  are  placed,  it  is  not  necessary. 


Fig.  1«. 
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The  connection  be- 
tween two  pieces  is 


Fir  11. 


7*  made  as  represented 
in  Fig.  11,  and  the 
short  splice,  «,  is  tied 
to  the  main  wires,  b 
and  e,  with  fine  wire. 


Three  current.-  are  established  for  the  working  of  the  appara- 
whose  courses  will  be  designated  on  Fig.  12,  PI.  2. 

No.  I.,  leaving  the  hart  cry,  P,  reaches  the  coil  of  the  electro- 
ma-nRt.  Q,  through  the  press-screw,  2,  magnetizes  that  magnet 
an*]  passes  out  through  the  screw  1  to  the  target  C,  from  whence 
:*  returns  to  the  screw  1 1  of  the  dixjunctor,  and  passes  into  the 
Irft  movable  blade;  and  as  this  is  in  contact  with  one  of  the  fixed 
Ma»li>  i  the  knob  E  having  been  pushed  up)  the  current  passes  on 
*<>  the  screw  ft.  and  returns  to  the  battery  from  which  it  pro- 

> oi.  II.,  leaving  the  battery  P,  proceeds  through  the  conductor 
C,  returning  to  the  screw  5  of  the  con  junctor,  from  whence  it 
I  'lAH**  into  the  coil  of  its  magnet,  magnetizing  that  and  passing 
•at  at  the  screw  6\  it  reaches  the  screw  12  of  the  disjunctor, 
through  the  right  movable  and  fixed  blades  and  the  screw 
1"  to  return  to  its  battery  P . 

No.  III.,  leaving  the  same  battery  as  Xo.  I.  (P),  passes  through 
:U  roil  of  the  large  magnet  of  the  pendulum,  magnetizing  it,  and 
i ni-^i nxr  out  bv  the  screw  4,  proceeds  to  the  screw  8  of  the  con- 
jwior.  The  steel  blade  carries  it  to  tlic  cup  of  mercury,  from 
vi.t'nce  it  goes  to  the  screw  7,  and  so  back  to  the  battery  I*. 

Wi-  will  now  describe  the  manner  in  which  the  instrument 
wk-.  Tlie  gun  is  loaded,  the  disjunctor  is  not  in  gear,  ?.  c<  the 
:»i«»vahle  and  fixed  blades  do  not  touch  each  other,  and  in  the  con- 
junct, t,  the  point  on  the  steel  blade  does  not  touch  the  mercury. 
X-fie  of  the  currents  are  established.  The  operator  seated  before 
•I*  iiMnimcnt,  with  the  right  hand  puts  the  disjunctor  in  gear 
V.  establish  tlie  currents  I.  and  IJ.  With  the  finger  of  the  left 
iiin.l.  or  the  small  handle  shown  behind  the  disk,  he  raises  the 
rcndulum  until  the  iron  p  in  the  disk  touches  the  magnet  Q, 
wbicli.  being  magnetized,  retains  it  there.  The  zero  of  the  ver- 
nier coincides  with  the  zero  of  the  limb.    He  then  suspends  the 
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weight  P  to  the  magnet  of  the  conjnnctor  by  placing  its  iron 
end  in  the  brass  tube  fixed  by  friction  on  the  end  of  the  mag- 
net. The  iron  part  of  the  weight  being  slightly  conical,  it  is 
released  entirely  from  the  tube  by  raising  this  last  up  a  little  on 
the  magnet.  This  leaves  the  weight  suspended  by  magnetic 
attraction  alone.  Tint;  manner  of  putting  the  weight  in  position 
is  for  the  purpose  of  getting  its  axis  coincident  with  the  vertical 
axis  of  the  magnet,  without  which  it  would  not  fall  accurately  in 
the  cylinder  O. 

The  operator  now  presses  upon  the  trigger,  I),  of  the  disjunc- 
tor,  releasing  the  movable  blades,  which,  flying  back,  rupture  the 
currents  I.  and  II.  simultaneously.  The  pendulum  and  weight 
commence  falling  as  soon  as  their  respective  magnets  become  suf- 
ficiently unmagnetized.  As  soon  as  the  weight  strikes  the  end 
of  the  steel  blade,  this  bends,  putting  its  point  in  contact  with  the 
mercury,  which,  establishing  current  No.  III.,  the  large  magnet 
of  the  pendulum  becomes  active,  acts  on  the  iron  plate  K,  fixing 
that,  and,  consequently,  the  pointer  attached  to  it.  The  pendu- 
lum, however,  continues  to  oscillate,  the  axis  turning  in  the  muff. 
Sec  Fig.  5. 

Having  noted  the  arc  passed  over  by  the  pointer,  which  we 
will  call  «y,  withdraw  the  weight  from  the  cylinder  ().  This 
releases  the  steel  blade,  which,  rising,  breaks  the  current  No.  III., 
and  the  large  magnet  no  longer  attracts  the  plate  K,  which  is 
pulled  away  from  its  position  against  the  ends  of  the  magnet  by 
seizing  the  muff  with  the  thumb  ami  forefinger. 

The  disjunetor  is  immediately  put  in  gear,  the  pendulum 
replaced  in  its  old  position,  and  the  weight  suspended  again  to 
its  magnet.  The  operator  now  gives  the  signal  to  tire,  and  the 
projectile  as  it  passes  through  the  targets  C  and  C ,  cuts  the  wire, 
breaking  in  succession,  first  current  I.  and  then  II.  The  appara- 
tus performs  as  before,  and  the  pointer  is  found  fixed  after  having 
passed  over  a  certain  arc,  which  will  be  greater  than  the  one 
first  noted. 

Had  the  projectile  cut  simultaneously,  instead  »>!"  in  stucco 
Ron.  the  two  wires,  would  have  been  equal  to  <j.  The  differ- 
ence, then,  between  these  two  arcs  ^' — <r)  will  correspond 
exactly  to  the  time  employed  by  the  projectile  in  passing  over  the 
distance  between  the  two  targets. 
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This  method,  then,  consists  in  making  the  apparatus  work  two 
successive  times  tinder  exactly  the  same  circumstances.  The  first 
operation,  effected  by  means  of  thedisjunctor,  is,  in  fact,  the  same 
a»  if  the  projectile  cut  both  wires  at  the  same  time,  or  the  space 
passed  over  was  nothing,  whilst,  in  the  second,  effected  by  means 
■  >\  tiring,  the  space  passed  over  by  the  projectile  is  that  comprised 
iKtwecn  the  two  targets. 

Both  operations  are  performed  in  a  few  seconds.  During  this 
-liort  space  of  time  the  intensity  of  the  currents  cannot  sensibly 
~arr.  and  consequently  the  electro-magnetic  action  should  be  the 
*inie  in  both  eases.  All  the  resistances  opposed  by  the  appara- 
tus are  the  same  in  the  two  cases,  and  the  heights  from  which  the 
weight  falls  are  equal.  In  the  second  operation,  the  time  to  be 
measured  has  simply  been  added  to  the  time  which  in  the  first 

consumed  by  the  pointer  in  passing  over  the  arc  <r>.  It  fol- 
lows then  that  the  arc  — <jr),  by  which  the  arc  <r  is  increased, 
o<,rresponds  to  the  time  to  be  measured. 

It  becomes  useless  in  this  method  to  regulate  the  currents, 
*ino'  the  times  necessary  for  magnetizing  and  unmagnetizing  the 
ruajrnets  being  the  same  in  both  operations,  can  have  no  influence 
upon  the  accuracy  of  the  results  shown  by  the  apparatus. 

Besides  the  advantage  of  ridding  the  results  of  the  apparatus 
-f  the  inaccuracies  to  which  all  other  electro-magnetic  pendulums 
ire  liable,  this  method  allows  the  operator  to  choose  the  point  of 
"m  arc  corresponding  to  the  commencement  of  the  time  to  be 
measured.  The  arc  is  increased  or  diminished  by  raising  or 
lowering  the  magnet  on  the  column  of  the  conjunetor,  since  the 
filling  time  of  the  weight  P  is  varied  in  consequence.  The  most 
advantageous  position  of  the  arc  (<r' — qp)  is  evidently  thut  one 
where  the  middle  of  the  arc  corresponds  to  the  greatest  velocity 
■<t  t he  jKindnlum.  since  it  is  in  this  position  that  the  arc  corre- 
sponding to  any  given  time  is  the  greatest.  It  can  generally  be 
**>  arranged  in  the  experiments  that  the  center  of  this  arc  (qr — <t) 
wi!)  be  about  the  middle  of  the  pendulum's  course.  To  show  the 
importance  of  this  advantage,  we  will  take  an  example.  If  we 
tL-)i  t<»  measure  the  1-lOuO  part  of  a  second,  taking  for  a  starting 
p"int  the  initial  position  of  the  pendulum,  the  arc  corresponding 
*>>  that  time  will  be  only  the  0.27  of  a  degree,  whilst  the  arc  cor 
n\*p«mding  to  the  same  time,  taken  near  the  middle  of  the  limb, 
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will  be  7.5.')  degrees.  The  process,  then,  in  the  case  supj^sed. 
has  the  advantage  of  giving,  as  a  measurement  of  the  time,  an 
arc  28  times  greater  than  would  be  obtained  by  counting  from  tfte 
initial  position  of  the  pendulum. 

The  results  obtained  will  be  so  much  the  more  accurate  as 
the  nicety  with  which  the  apparatus  is  constructed  increases,  and 
as  the  skill  of  the  operator  improves  by  practice. 

In  order  to  be  satisfied  of  the  accuracy  with  which  the  appa- 
ratus works,  it  is  only  necessary  to  employ  it  for  the  measurement 
of  a  known  space  of  time  comprised  between  two  ruptures  made 
in  the  currents  destined  to  be  broken  by  the  projectile.  Supj>ose 
we  choose  the  time  0,  which  corresponds  to  a  simultaneous  rup- 
ture, that  is,  an  infinite  velocity  of  the  projectile.  All  that  is 
necessary  is  to  operate  with  the  apparatus  twice,  and  the  differ- 
ence between  the  two  arcs  indicated  by  the  pointer  gives  us  in 
time  the  degree  of  precision  of  the  apparatus.  This  gives  us  an 
easy  method  of  proving  at  any  moment  the  proper  adjustment  of 
the  instrument  for  use. 

The  manner  of  forming  the  table  made  use  of  fur  determining 
the  time  corrcsjKjnding  to  an  arc  (<jp — <r)  will  now  be  described. 

The  time  of  a  small  oscillation  of  the  pendulum  will  be  determ- 
ined by  counting  the  number  of  oscillations  in  a  given  time  by 
means  of  a  good  seconds  watch  or  chronometer.  In  order  to  ob- 
tain a  sufficient  number  of  oscillations,  the  pendulum  must  be  let 
fall  from  a  sufficient  height.  The  oscillations  will  diminish  then 
in  size  until  the  movement  ceases  altogether.  But  we  must  find 
the  time  of  an  oscillation  so  small  as  to  be  confounded  with  the 
cycloidal  arc, — i.  <\,  that  the  time  of  oscillation  shall  be  constant, 
or  independent  of  the  size  of  the  arc.  It  is  therefore  necessary  to 
take  into  account  the  influence  of  the  variable  size  of  the  circular 
oscillations. 

By  comparing  the  expression  which  gives  the  time 

of  a  very  small  oscillation  of  a  simple  pendulum  whose  length  is 
/,  or  of  a  compound  pendulum  of  which  /  is  the  distance  from 
the  axis  of  suspension  to  the  center  of  oscillation,  with  this. 
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whicli  represents  the  time  corresponding  to  the  circular  oscilla- 
tion, having  a  for  the  versed  sine  of  half  the  arc,  we  find  the  incre- 
ments of  duration  which  depend  on  the  amplitude  of  the  arc  of 
vibration.  The  time  of  an  infinitely  small  oscillation  being  taken 
as  unity,  the  increments  of  duration  will  be — 
For  an  amplitude  of  10°,  .    0  .00012 

20%  0.00190 
30%  .  .  O.0042G,  vfce. 
Classifying  the  oscillations  into  groups  according  to  their  ampli- 
tude, and  representing  by  n  n'  n"  the  number  of  oscillations  in 
each  group ;  by  a  b  c,  the  increments  of  duration,  and  by  T7,  the 
whole  time  of  observ  ation  ;  the  time  of  a  very  small  oscillation 
will 


t- 


which  will  serve  to  determine  the  distance  from  the  center  of 
oscillation  to  the  axis  of  suspension.  This  distance  is  found  by 
making  use  of  the  formula 

»=*«■. 

Knowing  the  position  of  the  center  of  oscillation,  the  velocity 
of  the  pendulum  at  any  point  of  its  course  can  be  determined  by 
using  the  formula — 

y  representing  the  vertical  descent  of  the  center  of  oscillation. 

If  a.  Fig.  13,  represents  the  con- 
stant angle  of  half  oscillation,  and  x 
the  angle  variable  with  y;  this  last 
value  may  be  expressed  in  terms  of 
the  first  two. 

y =/(cos(a-ar)-cos  a)\  and  by  sub- 
stituting Hp.  11. 


v  =  ^  'J(/i(co&(a — x)  -  cos  a) 
the  velocity  of  the  pendulum  will  be  sought  in  a  series  of  posi- 
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tions  so  close  together  that  the  movement  may  be  considered  as 
uniform  between  two  consecutive  positions.  Then  by  dividing 
the  length  of  each  small  arc  comprised  between  two  neighbor- 
ing points  by  the  velocity  corresponding  to  that  arc,  we  will 
obtain  the  time  employed  by  the  pendulum  in  passing  over 
respectively  each  of  the  small  arcs  the  sum  of  which  will  form  the 
part  of  the  oscillation  made  use  of. 

As,  from  the  construction  of  the  instruments,  the  arcs  to  which 
the  times  to  be  measured  correspond,  never  include  the  first  part 
of  the  oscillation,  it  is  not  necessary  to  commence  the  table  of 
times  from  the  initial  position  of  the  pendulum.  The  positions  of 
the  pendulum  at  which  its  velocity  is  calculated,  may  be  the  far- 
ther apart  as  the  small  arcs  comprised  between  them  fall  nearer 
the  lowest  poiut  of  the  oscillation.  Towards  the  middle  of  the  oscil- 
lation the  movement  of  the  pendulum  becomes  almost  uniform. 
These  different  calculations  are  applied  to  the  establishment  of  a 
table  used  to  facilitate  the  employment  of  this  apparatus.  The 
elements  will,  of  course,  be  different  with  different  pendulums  and 
in  different  latitudes.  We  will  take  as  an  example  those  em- 
ployed by  Capt.  Navcz.* 

The  time  of  a  very  small  oscillation  is  found  4o  be  0  ".3234. 

The  distance  I  of  the  center  of  oscillation  from  the  axis  of  sus- 
pension =4.00323  in.  (0m10168). 

The  time  consumed  by  the  pendulum  in  passing  over  each 
degree  from  the  fortieth  is  calculated.  The  constant  angle  of  half 
oscillation  =75°. 

The  time  employed  by  the  pendulum  to  pass  over  each  degree 
is  given  by  the  formula — 


*  Capt.  Navez  has  since  adopted  a  much  more  simple  method  of  determining  the 
length  of  the  pendulum.  This  consists  in  a  much  more  delicate  suspension  of  the 
pendulum  on  knife  edge*,  which,  in  the  practical  operation.*  of  the  instrument, 
would  he  quickly  destroyed. 

By  this  arrangement  the  pendulum  oscillates  through  a  very  sranll  arc  about 
2,000  times  before  the  motion  ceases. 

By  means  of  a  good  chronometer  the  time  corresponding  to  500  double  oscilla- 
tions of  the  pendulum  is  noted  twice  in  succession,  and  the  mean  taken.    The  time 
of  a  very  small  oscillation  is  then  determined  by  noting  the  time  for  2,000  oseilla 
tions,  and  correcting  one  operation  by  the  other;  the  lengih  of  the  pendulum 
becomes  known  by  making  u«e  of  the  expression- 
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3G0|/  2^/(008.  75° -x)- cos.  75° 

ia  which  arc  substituted  the  various  values  of  a :  40°,  41°,  42°. .  .75°. 

In  this  way  the  tahle  on  the  opposite  page  is  formed.  The 
numbers  in  the  third  column  of  this  table  are  obtained  by  adding 
ill  the  times  which  precede  in  the  second  column  together. 

To  show  how  this  table  is  used,  an  example  will  be  given. 
To  facilitate  the  calculations,  the  arcs  passed  over  by  the  pointer 
will  be  noted  in  degrees  and  decimal  fractions  of  a  degree.  As 
the  vernier  indicates  to  the  20th  of  a  degree,  two  of  the  subdivis- 
ions will  represent  a  tenth  (0.1),  and  where  an  odd  division  occurs 
it  will  be  noted  as  half  of  this,  or  (0.05). 

Let  us  suppose  that  the  operation  with  the  disjnnctor  gives 
t=44\tf5,  and  that  by  firing  the  piece  immediately  afterwards 
we  obtain  <r'=101°.35.  We  wish  to  find  the  time  corresponding 
to  the  difference  between  these  two  arcs  (<?'—?).  Find  in  the 
table  the  "  sura  of  the  times  "  corresponding  to 
the  101st  degree  =  0".09234 

Tj  this  must  be  added  the  time  corresponding 
to  the  remaining  0.35.  The  time  corre- 
siH.tnding  to  the  101st  degree  is0".0ol57,  or 
u  .(HKMH57  for  0.01  ;  and  for  0.35,  .       .    0 '.00055 


The  sum  =  0".002S9 

The  "  sum  of  the  times "  corresponding  to 

the  44°  is  0".00663 

The  time  corresponding  to  the  44°  is  0".00162 
for  0.01,  the  time  will  be  0  .0000162,  and 
for  <  ».f>5;  0".00105 


The  sum  =        .       .       .  0".0076*8 


The  difference  =    .       .  0".oS521 


will  be  the  time  corresponding  to  the  arc  (9 — t)  or  the  time  con- 
sumed by  the  projectile  in  passing  between  the  two  targets. 
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Tlie  manner  of  determining  the  degree  of  accuracy  of  the 
apparatus  has  already  been  described.  Tlie  variations  may  be 
limited  so  that  the  difference  between  two  successive  operations 
by  means  of  the  disjunctor  will  not  be  greater  than  one-fourth  ol 
a  degree,  which  from  the  table  corresponds  to  0".00036.  When 
using  the  instrument,  then,  for  timing  the  flight  of  projectiles,  thfll 
distance  between  the  two  targets  must  be  great  enough  to  allow 
an  accidental  variation  of  CT.00036. 

Tlie  principal  advantages  of  the  apparatus  over  all  others  yet 
invented,  consist  in  its  accuracy,  the  ease  with  which  it  is  worked, 
and  its  cheapness  as  compared  with  the  unwieldy  and  expensive 
machines  used  at  present,  in  this  country,  for  the  testing  of  gun- 
powder. But  its  principal  advantage  is  its  applicability  to  every 
kind  of  piece  by  which  the  force  of  the  powder  as  it  is  actually 
used  in  every  gun  in  service  can  be  determined. 

Established  near  a  battery,  it  may  be  applied  to  any  piece,  by 

1 
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a  flight  variation  in  the  direction  of  the  targets,  and  the  commu- 
nicating wires. 

Imtial  Velocities. — In  proving  cannon  powdtr,  the  initial 
velocity  of  a  ball  of  medium  weight  and  windage,  with  a  charge 
of  one-fourth  its  weight  of  powder,  should  be : 

From  a  twenty-four-poundcr  garrison  gun,  not  less  than  1,600 
feet. 

From  a  twelve-pounder  field  gun,  not  less  than  1,550  feet. 

From  a  six-pounder  field  gun,  not  less  than  1,500  feet. 

//*  proving  email-arm  pmoder,  the  initial  velocity  of  a  mus- 
ket ball,  with  a  charge  of  120  grains,  should  be: 

With  musket  powder,  not  less  than  1,500  feet. 

With  rifle  powder,  not  less  than  1,600  feet. 

With  fine  sporting  powder,  not  less  than  1,800 feet;  and  with 
the  new  rifled  musket,  sixty  grains  of  musket  powder,  and  the 
elongated  ball,  about  1,000  feet. 

IIygrometrjc  Qualities. — The  susceptibility  of  powder  to 
al*orb  moisture  may  be  judged  of  by  exposing  any  quantity,  as 
one  pound,  to  the  air,  in  a  moist  place  (such  as  a  cellar  which  is 
not  too  damp),  on  a  glazed  earthen  dish  for  fifteen  or  twenty 
days,  stirring  it  sometimes  so  as  better  to  expose  the  surface : 
the  powder  should  be  previously  well  dried  at  a  heat  of  about 
140  Well-glazed  powder  made  of  pure  materials,  treated  in 
thie  way,  will  not  increase  in  weight  more  than  five  parts  in 
l'*"J,  or  a  half  of  one  per  cent.  Such  powder  kept  in  casks  in  a 
dry  magazine"  will  absorb  about  eight-tenths  of  one  per  cent,  of 
niuLsture.  A  sample  thus  kept  for  fifteen  years  in  a  common 
barrel,  was  found  to  lose  but  nine-tenths  of  one  per  cent,  in  dry- 
ing. 

A  more  accurate  and  expeditious  method  of  comparing  the 
Lvgrometric  qualities  of  different  samples  of  powder,  is  to  expose 
them  to  air  saturated  with  moisture.  For  this  purpose,  samples 
of  about  1,500  grains  weight  may  be  placed  in  a  shallow,  tin 
pan,  nine  inches  by  six  inches,  set  in  a  tub,  the  bottom  of  which 
i»  covered  with  water;  the  pan  of  powder  should  be  placed 
about  one  inch  above  the  surface  of  the  water,  and  the  tub 
covered  over.  In  this  manner  any  sample  of  powder  may  be 
compared  with  another  of  known  good  quality.    Good  powder, 


Digitized  by  Google 


GUNPOWDER. 


made  of  pure  materials,  will  not  absorb  more  than  two  and  a  half 
per  cent,  of  moisture  in  twenty-four  hours. 

Restoring  Unserviceable  Powder. — When  the  quantity  of 
water  absorbed  by  gunpowder  docs  not  exceed  seven  per  cent., 
the  powder  may  be  restored  by  drying ;  this  may  even  be  effected 
in  the  magazine,  if  it  is  dry,  by  means  of  ventilation,  or  by  the 
use  of  chloride  of  lime  for  twenty  or  thirty  days.  Quick-lime 
may  be  used  ;  but  the  use  of  it  is  attended  with  danger,  on  account 
of  the  heat  evolved  in  slaking. 

When  powder  has  absorbed  from  seven  to  twelve  per  cent,  of 
water,  it  may  still  be  restored  by  drying  in  the  sun  or  in  a  dry- 
ing house,  but  it  remains  porous  and  friable,  and  unfit  for  trans- 
portation ;  in  this  case  it  is  better  to  work  it  over.  In  service,  it 
may  be  worked  by  means  of  the  rolling  barrels,  as  described  for 
making  round  powder. 

When  powder  has  become  mixed  with  dirt  or  gravel,  or  other 
foreign  substances  which  cannot  be  separated  by  sifting,  or  when 
it  has  been  under  water,  or  otherwise  too  much  injured  to  be  re- 
worked, it  must  be  melted  down,  to  obtain  the  saltpetre  by  solu- 
tion, filtration,  and  evaporation. 

Storing. — Gunpowder  is  preserved  in  magazines  specially 
constructed  for  the  purpose,  made  fire-proof  and  dry,  and  pro- 
tected by  lightning  rods,  which  are  attached  to  rnasU  or  poles 
planted  from  six  to  ten  feet  from  the  walls  of  the  building ;  the 
stem  of  the  rod  need  not  be  thicker  than  the  conductor,  nor  more 
than  six  feet  high  ;  but  the  mast  should  be  of  such 'a  height  that 
the  point  of  the  stem  may  be  about  fifteen  feet  above  the  build- 
ing. The  barrels  are  generally  placed  on  the  sides,  three  tiers 
high,  or  four  tiers  if  necessary  ;  small  skids  should  be  placed  on 
the  floor,  and  between  the  several  tiers  of  barrels,  in  order  to 
steady  them,  and  chocks  should  be  placed  at  intervals  on  the 
lower  skid  to  prevent  the  rolling  of  the  barrels.  The  powder 
should  be  separated  according  to  its  kind,  the  place  and  date  of 
fabrication,  and  the  proof  range.  Fixed  ammunition,  especially 
for  cannon,  should  not  be  put  in  the  same  magazine  with  powder 
in  barrels,  if  it  can  be  avoided.  , 

In  a  room  thirteen  or  fourteen  feet  wide,  the  barrels  may  be 
arranged  in  a  double  row  in  the  centre,  two  alleys  two  and  a  half 
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feet  wide,  and  two  single  rows,  six  to  twelve  inches  from  the 
walls :  in  this  way  the  marks  of  each  barrel  may  be  seen,  and 
any  barrel  can  be  easilv  reached.  In  a  room  twelve  feet  wide, 
an  equal  number  of  barrels  may  be  placed  in  two  double  rows, 
with  a  central  alley  of  three  feet,  and  two  side  alleys,  next  the 
walls,  of  about  ten  inches  each  ;  there  should  be  an  unincum- 
bered space  of  six  or  eight  feet  at  the  door  or  doors  of  the  maga- 
zine. 

Should  it  be  necessary  to  pile  the  barrels  more  than  four  tiers 
high,  the  upper  tiers  should  be  supported  by  a  frame  resting  on 
the  floor ;  or  the  barrels  may  be  placed  on  their  Jihads,  with 
boards  between  the  tiers. 

Besides  being  recorded  in  the  magazine  book,  each  parcel  of 
powder  should  be  inscribed  on  a  ticket  attached  to  the  pile, 
slewing  the  entries  and  the  issues. 

Ventilating  Magazines.— For  the  preservation  of  the  pow- 
der, and  of  the  floors  and  lining  of  the  magazine,  it  is  of  the 
greatest  importance  to  preserve  unobstructed  the  circulation  of 
air,  under  the  flooring  as  well  as  above.  The  magazine  should 
he  opened  and  aired  in  clear,  dry  weather  ;  the  ventilators  must 
be  kept  free;  no  shrubbery  or  trees  should  be  allowed  to  grow 
so  near  as  to  protect  the  building  from  the  sun.  The  moisture  of 
a  magazine  may  be  absorbed  by  chloride  of  lime  suspended  in 
an  oj>en  box  under  the  arch,  and  renewed  from  time  to  time ; 
quick-lime,  as  before  observed,  is  dangerous. 

The  sentinel  or  guard  at  a  magazine,  when  it  is  open,  should 
have  no  lire-arms,  and  every  one  who  enters  the  magazine  should 
take  off  his  shoes,  or  put  soeks  over  them  ;  no  sword,  or  cane,  or 
anything  which  might  occasion  sparks,  should  be  carried  in. 

Transportation. — Barrels  of  powder  should  not  be  rolled  for 
transportation ;  they  should  be  carried  in  hand-barrows,  or  slings 
made  of  rope  or  leather.  In  moving  powder  in  the  magazine,  a 
cloth  or  carpet  should  be  spread;  all  implements  used  there 
ihould  be  of  wood  or  copper,  and  the  barrels  should  never  be 
repaired  in  the  magazine.  When  it  is  necessary  to  roll  the  pow- 
der for  its  better  preservation  and  to  prevent  its  caking,  this 
fctiould  be  done,  with  a  small  quantity  at  a  time,  on  boards  in  the 
magazine  yard. 

In  wagons,  barrels  of  powder  must  be  packed  in  straw, 
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secured  in  such  a  manner  as  not  to  rub  against  each  other,  and 
the  load  covered  with  thick  canvas. 

In  transporting  powder  an  escort  should  always  be  sent  with 
it,  the  number  of  men  depending  on  circumstances.  With  wag- 
ons, a  man  is  attached  to  each  one,  and  the  commander  of  the 
escort  frequently  inspects  them.  Pavements  are  avoided  as 
much  as  possible,  and  the  train  is  marched  in  single  file,  and 
usually  at  a  walk.  No  smoking  is  allowed  near  the  train.  Towns 
and  other  inhabited  places  are  avoided  if  it  can  be  done  without 
making  too  great  a  detour.  If  this  cannot  be  done,  the  pave- 
ments, if  the  weather  is  warm  and  dry,  should  be  watered.  If 
forges  are  with  the  trains  their  fires  should  be  put  out ;  and  in 
case  powder  is  found  sifting  from  any  of  the  wagons,  they  are 
placed  in  the  rear,  and  fifty  yards  apart. 

In  camping,  care  should  be  taken  to  place  the  wagons  by 
themselves,  and  away  from  the  camp  fires.  A  special  guard  is 
placed  over  them,  and  strict  orders  given  to  allow  no  unauthor- 
ized persons  to  approach. 

GUN-COTTON. 

In  1846  the  important  announcement  was  made  of  the  dis- 
covery of  a  substitute  for  gunpowder,  possessing,  it  was  said,  all 
the  advantageous  properties  of  the  latter,  with  none  of  its  defects. 

The  announcement  was  first  made  by  Prof.  Schonbein  of  Bale, 
Switzerland,  who  attempted  to  keep  the  preparation  a  secret ;  but 
the  same  or  similar  compounds  were  soon  after  discovered  by 
different  chemists  in  Europe,  and  the  whole  military  world  was 
set  to  work  making  experiments  on  this  new-found  material, 
which  was  destined,  according  to  some,  to  supersede  entirely  the 
use  of  gunpowder,  thrusting  this  last  into  the  class  of  things 
which,  having  had  its  day,  must  give  way  to  the  march  of  im- 
provement and  later  inventions. 

Preparation. — To  prepare  it,  well-cleaned,  ordinary  cotton  is 
steeped  for  about  half  a  minute  in  highly  concentrated  nitric 
acid.  It  is  then  washed  several  times  in  pure  water  and  dried, 
when  it  is  ready  for  use. 

Characteristics. — Gun-cotton  thus  prepared  explodes  like 
ordinary  powder,  when  struck  a  sharp  blow,  or  when  brought  in 
contact  with  a  coal  of  fire.    It  burns  at  about  380°  F. ;  and  will, 
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therefore,  not  set  fire  to  gunpowder  when  burnt  in  a  loose  6tate 
over  it.  By  varying  the  mode  of  preparation,  it  may  be  made  to 
explode  at  a  much  lower  temperature ;  and  great  care  should, 
therefore,  be  taken  in  drying  it. 

In  the  first  experiments  made,  its  projectile  force  was  found  to 
be  so  great  as  to  favor  the  idea  that  for  military  purposes  it  was 
far  superior  to  gunpowder;  it  being  found  that  in  moderate 
charges  its  force  was  equal  to  that  of  about  twice,  or  according 
to  some  experimenters  three  times,  its  weight  of  the  best  powder. 
Bat  by  further  experiments  it  was  found  that  its  explosive  or 
bursting  force  is  much  greater  than  that  of  ordinary  gunpowder, 
resembling  more  the  action  of  fulminates.  It  is,  therefore,  in  its 
effects  on  guns  much  more  injurious  than  powder ;  though  for 
mining  purposes  it  is  well  adapted,  especially  in  sieges,  as,  burn- 
ing without  any  smoke,  the  workmen  in  the  galleries,  etc.,  would 
be  less  incommoded,  though  the  acid  vapors  resulting  from  the 
combustion  of  gun-cotton  may  prove  as  objectionable  as  smoke. 
From  the  rapidity  of  its  action,  too,  it  is  suitable  for  loading 
shells,  which  are  burst  into  a  much  greater  number  of  pieces  than 
when  loaded  with  five  times  the  amount  of  ordinary  powder. 

When  compressed  by  hard  ramming,  as  in  filling  fuses,  it 
burns  slowly. 

It  is  more  liable  than  powder  to  absorb  moisture,  by  which  its 
force  is  rapidly  diminished ;  but  by  drying  it  is  immediately  re- 
stored with  but  slight  diminution  of  strength,  possessing  thus  one 
great  advantage  over  ordinary  powder,  which  is  very  difficult  to 
restore. 

When  well  prepared,  it  leaves  no  perceptible  stain  when  a 
small  quantity  is  burnt  on  white  paper.  The  principle  residua 
of  iu  combustion  are  water  and  nitrous  acid  ;  which  last  is  very 
injurious  to  the  gun,  soon  corroding  it  if  not  wiped  after  firing. 

Velocity. — In  the  experiments  made  at  Washington  in  1846, 
it  was  determined  that  6ixty  grains  was  the  proper  charge  to  give 
the  requisite  force  to  the  musket  ball  for  service  ;  and  to  test  its 
applicability  to  our  muskets,  in  winch  two  or  more  cartridges  are 
frequently  inserted  by  mistake,  a  barrel  was  loaded  with  120 
grains,  a  ball  and  wad.    On  being  fired  it  burst  at  the  breech. 

Another  barrel  was  then  loaded  with  two  charges  of  sixty 
h,  one  ball,  and  a  wad.  This  barrel  also  burst,  blowing 
out  of  the  opening  the  upper  charge  unburnt. 
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A  third  barrel  was  loaded  with  a  charge  of*  sixty  grains,  two 
balls,  and  two  wads,  and  by  the  discharge  was  somewhat  swelled 
at  the  seat  of  the  shot,  and  on  being  fired  again  with  the  same 
load  burst. 

These  barrels  had  all  borne  the  regular  proof  charges  at  the 
armory ;  and  the  results  fully  demonstrate  that  the  use  of  gun- 
cotton  is  unsafe  in  our  present  small  arms  ;  nor  is  it  probable  that 
the  advantages  resulting  from  its  use  will  compensate  for  the 
increased  weight  necessary  to  be  given  the  piece  to  guard  against 
the  accidents  of  service. 

The  experiments  in  this  country  with  cannon  have  not  been 
quite  so  extensive  as  those  with  small  arms ;  but  it  is  reported 
that  very  extensive  ones  have  been  lately  carried  on  in  Austria, 
that  they  have  been  very  favorable,  and  that  the  arsenals  of  that 
country  are  now  engaged  in  casting  short,  thick  howitzers  for 
the  express  purpose  of  using  gun-cotton. 

In  Major  Mordecai's  experiments  with  a  twenty-four-pounder, 
it  was  found  that  two  pounds  of  gun-cotton  gave  the  same  initial 
velocity  (1,422  feet)  as  four  pounds  of  good  cannon  powder ;  and 
by  analogy  it  is  calculated  that  to  produce  the  same  initial 
velocity  as  is  furnished  by  one  pound  of  cotton,  would  require 
two  and  a  quarter  pounds  of  common  powder,  which  is  about  the 
same  proportion  as  in  the  musket. 

Gun-cotton,  if  not  designedly  colored,  has  nothing  to  distin- 
guish it  in  appearance  from  ordinary  cotton ;  it  would,  therefore, 
to  avoid  accidents,  be  well  to  dye  it,  which  can  be  done  without 
injuring  its  ballistic  properties.  Compressed  in  the  hand  it  pro- 
dnces  a  peculiar  crackling  sound,  resulting  from  the  fact  that  the 
oily  matter  which  imparts  to  raw  cotton  the  same  kind  of  adhe- 
sion as  exists  in  wool,  has  entirely  disappeared  by  the  action  of 
the  acids. 

Space. — Ordinarily,  gun-cotton  occupies  double  the  space  of 
the  same  weight  of  powder,  though  by  compression  it  may  be 
made  to  occupy  only  about  one-third  that  occupied  by  the  same 
weight  of  powder. 

Heat. — The  influence  of  heat  on  gun-cotton  is  much  more 
marked  than  on  gunpowder.  Sulphur  commences  to  evaporate 
at  33J  R.  (110.75  F.),  but  so  slightly  that  ordinary  powder  may 
be  submitted  to  that  temperature  without  anv  loss  in  weight  or 
effect  being  perceived.  Powder  inilainea  at  240°  R. ;  whereas 
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gun-cotton  exposed  to  from  10  to  12°  R.  (54.50 — 59°  F.)  for  a 
few  days  is  decomposed  ;  the  gas  (oxide  of  nitrogen)  escapes  ;  and 
combining  with  the  oxygen  of  the  air  forms  gaseous  nitric  acid  ; 
and  this  takes  place  in  a  few  hours  at  a  temperature  of  35°R.  or 
more.  Gun-cotton  inflames  at  a  temperature  only  about  one- 
half  that  necessary  to  inflame  gunpowder;  and  in  one  particular 
case,  it  has  taken  place  at  a  point  much  below  the  boiling  point 
of  water.  It  is  also  more  easily  exploded  by  a  blow  than  gun- 
powder. 

C<  impressed. — If  gun-cotton  is  compressed  so  as  to  diminish 
its  volume  more  than  one-fifth  its  ordinary  bulk,  its  combustion 
is  retarded  very  much,  and  its  projectile  effect  may  be  entirely 
destroyed.  Pressed  into  a  metallic  tube,  suspended  as  a  pendu- 
lum, it  burns  very  slowly  and  without  imparting  any  motion  to 
the  pendulum,  whilst  under  the  same  circumstances  gunpowder 
causes  considerable  oscillation.  A  piece  of  gun-cotton  held 
tightly  between  the  fingers,  or  wrapped  closely  with  paper  and 
lighted,  burns  up  to  the  fingers  or  paper  and  then  goes  out. 

Cost. — It  is  estimated  that  the  cost  of  manufacturing  gun- 
cotton,  including  the  cost  of  the  ingredients,  is  three  times  as 
great  as  that  of  ordinary  gunpowder ;  but  before  it  can  be  made 
up  into  ammunition  it  has  to  undergo  another  operation,  which 
will  increase  the  cost  considerably.  The  charges  of  ordinary 
gunpowder  are  not  xoei*jhedy  but  measured  with  instruments  pre- 
]«ared  for  the  purpose ;  but  as  gun-cotton  cannot  be  so  measured, 
the  charges  have  to  be  all  weighed,  which  will  take  ten  times  a3 
l'*ng,  require  a  large  number  of  accurate  balances  and  other 
utciiiils  which  must  be  carried  into  the  field,  to  say  nothing  of 
tlie  necessity  for  the  employment  of  reliable  and  skillful  men. 

The  principal  advantage  claimed  for  gun-cotton  is  that  a 
charge  of  it  produces  as  much  effect  as  three  times  the  amount 
of  j»owder;  but  this  claim  loses  much  of  its  force  when  it  is  re- 
membered that  the  two  charges  occupy  about  the  same  amount 
of  6pace,  the  volume  of  one  pound  of  gun-cotton  being  equal  for 
instance  to  that  of  three  pounds  of  gunpowder,  so  that  in  regard 
to*y««v  nothing  is  gained  by  this  reduction  in  weight,  which, 
moreover,  in  the  whole  armament  of  an  ammunition  wagon 
vould  be  very  little. 
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CHAPTER  II. 


ARTILLERY. 

By  the  term  artillery,  is  meant  all  fire-arms  of  large  caliber, 
together  with  the  mechanical  machines  and  implements  used  with 
them.  It  also  refers,  in  a  technical  sense,  to  the  art  of  construct- 
ing, preserving,  and  using,  all  kinds  of  machines  and  munitions 
of  war,  as  well  as  to  the  particular  troops  which  perform  these 
different  duties.  In  the  United  States'  service,  these  duties  are 
distributed  between  two  different  corps,  the  artillery  and  the  ord- 
nance ;  the  former  being  entrusted  with  the  use  of  the  anna 
and  munitions,  and  the  latter  with  their  construction  and  preserv- 
ation. 

Ordnance. — The  term  ordnance  is  applied  to  the  guns  them- 
selves ;  and,  in  the  United  States'  service,  the  ordnance  is  divided 
into  guns,  luncitzers,  and  mortars. 

Form. — The  form  originally  given  to  ordnance  was  that  of  a 
truncated  cone,  both  within  and  without,  similar  to  the  common 
household  mortar,  which  is  supposed  to  have  first  suggested  it. 

This  was  first  used  as  our  present 
mortars  are,  stone  balls  being  em- 
ployed.   It  gave,  however,  but  little 
,    velocitv  or  accuracv,  from  the  fact 
•>   that  as  soon  as  the  ball  moved  from 
->   its  position,  the  greater  part  of  the 
L   force  of  the  powder  was  lost  by  the 
>*tg.  u.  gas  escaping  around  its  sides,  and  no 

certain  direction  could  be  given  to  it  in  the  bore  of  the  piece. 
The  escape  of  gas  was  bo  much  greater,  too,  as  the  powder  then 
used  was  in  the  form  of  du*tt  ami  burnt  very  slowly. 

To  get  the  full  force  of  the  powder,  the  bore  was  made  nearly 
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cylindrical,  from  four  to  eight  times  its  diameter  in  length,  and 
terminated  by  a  long  narrow  chamber,  the  object  of  which  was  to 
make  it  more  difficult  for  the  gas  to  escape ;  and  this  was  further 
increased  by  stopping  the  mouth  of 
the  chamber  with  a  wooden  tom- 
pion  driven  down  against  the  pow- 
der. The  bore  was  finally  made  per- 
fectly cylindrical,  the  piece  called  a 
ttone  mortar,  and  used  to  fire  nearly  horizontally  like  our  present 
guns  and  howitzers.  Fig.  15.  From  the  earliest  times,  the  di- 
ameter of  the  projectile,  or  that  of  the  bore  of  the  piece,  has  been 
used  as  a  unit  in  the  construction  of  the  pieces.  These  ancient 
pieces  were  originally  made  by  placing  together  bars  of  iron,  and 
hooping  them  like  the  staves  of  a  barrel.  They  were  then  made 
of  forged,  and  finally  of  cart  iron.  Bronze  pieces  were  used  as 
early  as  1350. 

Breech-loading. — Loading  at  the  breech  was  early  attempted ; 

and  for  tliis  purpose  a  rec-  n  Q  

tilinear  enlargement  was  A  ~~^Ly  — P 

left  in  the  piece,  in  which  ^  . 

w«  inserted  a  box  con- 

Uining  the  powder,  kept  Fle  1<J- 

in  its  place  by  a  wedge  and  key,  Fig.  16.  But  this  construction 

was  found  wanting  in  solidity,  and  was  soon  abandoned. 

Length. — It  was  thought,  reasoning  from  the  analogy  between 
small-arms  and  cannon,  that  the  longest  guns  were  the  most 
effective ;  but  the  question  of  mobility  and  the  difficulties  of  fabri- 
cation caused  it  to  be  laid  down  as  a  principle,  that  the  largest 
calibers  should  bo  proportionally  the  shortest  and  lightest,  so  that 
the  small  calibers  approached  more  ncarlv  in  dimensions  the 
jortable  arms.  Some,  however,  were  made  very  long,  and  one 
Li  mentioned  20  feet  in  length,  carrying  an  18  lb.  ball. 

When  jK>wder  instead  of  being  used  in  the  form  of  dust  was 
jrrim<Y/,  its  rate  of  burning  being  much  increased,  the  very  long 
pieces  lost  their  advantages ;  for  the  nearer  the  combustion  of  a 
powder  approaches  to  being  instantaneous,  the  less  necessity  there 
exist*  for  having  the  gun  long  in  order  that  the  ball  shall  receive 
the  full  effect  of  the  powder  before  it  leaves  the  mouth. 

Under  Charles  V.  an  enormous  piece  was  cast  at  Genoa,  which 
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was  fifty-eight  calibres  long,  and  carried  a  ball  thirty-six  pounds 
in  weight.  It  had  less  range  than  an  ordinary  twelve-pounder, 
and  was  about  being  re-cast,  when  the  expedient  was  adopted  of 
cutting  off  from  the  muzzle,  first,  eight  calibres,  then  six,  and 
then  one ;  and  the  range  was  found  to  increase  as  the  piece  be- 
came shorter ;  which  shows  that  there  is  for  each  piece  a  maxi- 
mum length,  which  should  not  be  exceeded.  The  reason  of  this 
seems  to  be,  that  for  any  increase  of  length  over  what  is  necessary 
to  insure  the  total  combustion  of  the  powder  before  the  ball 
leaves  the  muzzle,  a  loss  of  velocity  follows  from  the  friction  of 
the  ball  against  the  sides  of  the  bore.  This  limit,  from  experi- 
ment is  found  to  be  about  twenty-four  times  the  diameter  of  the 
bore.  In  the  United  States'  service  the  length  of  the  pieces  varies 
from  fourteen  to  twenty-three  calibres. 

Calibre. — Each  power  at  first  adopted  a  scries  of  calibres  or 
weight  of  ball,  decreasing  in  geometrical  progression.  The  first 
was  32,  10,  8,  4,  2,  forming  the  French  calibres,  and  the  second, 
48,  24,  12,  6,  3,  1£,  forming  the  German.  In  time,  each  nation 
adopted  one  or  other  of  these  series.  This  was  found  necessary 
from  the  immense  multiplicity  of  calibres,  and  the  want  of  uni- 
formity among  them. 

This  large  number  of  calibres  being  found  very  disadvan- 
tageous in  war,  the  number  was  reduced  to  five  by  Charles  IX. 
In  1732  France  adopted  her  first  regular  system  of  artillery,  but 
it  was  too  heavy  for  field  service,  and  the  teams  being  harnessed 
in  single  file,  it  was  very  difficult  to  move  at  a  rapid  pace. 

In  1765  this  system  was  replaced  by  that  of  Gribeauval,  who 
introduced  many  improvements,  especially  in  the  carriages,  and 
formed  a  distinct  artillery  for  service  in  the  field,  lighter  than  the 
old,  and  drawn  by  double  teams.  Since  that  period  the  French 
calibres  have  varied  but  little,  the  precarious  condition  of  politics 
in  Europe  rendering  a  total  change  at  any  time  dangerous,  to  6ay 
nothing  of  the  immense  expense. 

Mo  rt  a  its  and  IIowitzers. — Short  chambered  pieces,  fired 
under  large  angles,  similar  to  our  present  mortars,  are  of  a  very 
early  date,  and  were  used  in  Flanders  in  1478  to  crush  and  set 
fire  to  buildings  in  sieges.  The  attempt  was  also  early  made  to 
throw  hollow  projectiles  filled  with  powder,  and  carrying  with 
them  a  lighted  match  to  explode  them.    According  to  Villaret 
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*ueh  projectiles  were  made  U6e  of  at  Bordeaux  in  1452;  hut  it  is 
probable  that  the  accidents  consequent  upon  their  imperfect  con- 
struction, caused  them  to  be  very  soon  abandoned.  The  fuze  was 
lit  by  a  man  standing  near  the  muzzle,  at  the  same  time  that  the 
charge  was  fired.  General  Cotty  says  the  Turks  made  use  of 
them  at  the  siege  of  Rhodes  in  1522.  A  work  of  Tartaglia 
\.  1 537)  represents  an  inflamed  shell  thrown  from  a  short  piece 
similar  in  every  way  to  our  mortars.  It  was  not  until  1634  that 
these  projectiles  were  introduced  into  France,  giving  birth  to  the 
present  mortar. 

Efforts  were  also  made  to  throw  hollow  projectiles  from  stone 
mortars  and  guns ;  but  the  loading  was  so  difficult,  and  so  many 
accidents  happened,  that  the  attempt  was  abandoned,  until  the 
Dutch,  having  reduced  the  pieces  to  such  a  length  that  the  charge 
could  be  placed  in  by  hand,  again  brought  them  into  U6e.  The 
pieces  from  which  they  were  fired  were  called  hmcitzers,  from 
the  German  hanbitz,  and  were  introduced  into  France  in  1749. 
They  were  very  similar  in  appearance  to  the  present  eight-inch 
siege  howitzer  of  our  service. 

The  Russians  continued  to  make  use  of  long  howitzers,  after 
finding  means  to  load  them  without  danger,  calling  them  Liconis. 
Almoht  all  European  powers  adopted  them  about  1826. 

Construction. — The  general  principles  upon  which  cannon  of 
the  present  day  are  constructed,  are  the  results  of  experiments 
and  calculation.  In  place  of  the  extremely  heavy  pieces,  the 
service  of  which  was  so  difficult,  and  the  small  pieces  scarcely 
more  formidable  than  small  arms,  and  the  employment  of  which 
did  harm  by  decreasing  the  moral  effect  of  artillery,  a  certain 
number  of  mean  calibres  has  been  adopted,  regard  being  had  to 
their  destination.  The  maximum  effect  to  be  produced  under 
*-very  circumstance  of  war  has  been  determined,  by  which  was 
obtains!  the  maximum  calibre  for  each^ service. 

For  the  inferior  limit,  a  calibre  large  enough  to  act  power- 
fully. l>oth  physically  and  morally,  is  taken.  Hence  results,  that 
ill  pieces  possess  the  necessary  efficacy  and  degree  of  mobility 
required  in  the  different  circumstances  under  which  they  are 
tued,  and  that  the  number  of  calibres  is  reduced  as  much  as  pos- 
sible ;  which  facilitates  the  equipment,  and  render  replacements 
in  the  field  easy. 
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Materials. — Pieces  for  service  in  the  field  are  generally 
made  of  bronze,  or  gun-metal,  a  mixture  of  one  hundred  parts  of 
copper  and  eleven  of  tin.  This  mixture  possesses  great  tenacity ; 
which  allows  a  diminution  in  thickness  and  an  increase  in  length 
for  a  given  weight,  a  matter  of  considerable  importance  in  the 
manufacture  of  guns. 

By  increasing  the  proportion  of  tin  in  bronze  it  becomes 
harder,  but  more  brittle  and  fusible.  If  the  tin  is  decreased,  the 
metal  becomes  too  soft  and  loses  a  part  of  its  elasticity.  Between 
eight  and  thirteen  per  cent,  is  generally  used. 

Bronze  is  almost  entirely  free  from  any  ill  effects  resulting 
from  exposure  to  air  and  moisture.  It  hag,  however,  the  disad- 
vantage of  being  a  very  dear  material  for  guns,  being  seven  or 
eight  times  more  costly  than  cast  iron  ;  the  price  of  bronze  guns 
in  this  country  being  about  forty-five  cents  per  pound,  whilst  that 
of  iron  is  only  about  six  or  six  and  a  half  cents  per  pound. 

The  bore  in  bronze  guns  is  more  apt  to  be  injured  by  the  shot 
than  in  iron  guns ;  as,  the  iron  being  much  harder  than  bronze, 
when  the  shot  strikes  against  the  sides  of  the  bore  the  indenta- 
tion is  greater  than  in  the  iron  gun. 

Naval  guns,  and  those  used  in  garrisons  and  sea-coast  de- 
fenses, are  generally  made  of  cast  iron  ;  which,  besides  being 
cheaper,  is  not  furrowed  and  cut  up  by  the  shot,  and  the  pieces 
preserve  their  accuracy  of  fire  to  the  last.  Iron  has  the  disad- 
vantage of  being  less  tenacious  than  bronze,  rendering  necessary 
increased  thickness  for  strength,  and  decreased  length  for  a  given 
weight.  It  has  no  elasticity,  in  consequence  of  which  the  metal 
gradually  loses  its  force  of  cohesion  from  firing,  and  without 
giving  any  sign  of  danger  the  piece  bursts  unexpectedly,  even 
when  fired  with  light  charges.    Iron  is  also  very  liable  to  rust 

These  disadvantages  become  greater  as  the  quality  becomes 
worse.  In  Sweden,  where  the  material  is  excellent,  all  pieces  arc 
made  of  iron.  So  also  are  all  United-States  guns  and  howitzers, 
except  those  used  in  field  artillery.  In  France,  both  field  and 
siege  and  garrison  guns  are  made  of  bronze,  which  is  also  gen- 
erally the  case  in  Mexico. 

Attempts  have  been  made  to  make  bronze  pieces  with  cast  or 
wrought  iron  bores,  but  have  failed  ;  the  difference  in  tenacity, 
elasticity,  and  expansion  causing  separation  between  the  cnvcl- 
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opes.  Various  efforts  Lave  been  made  to  U3e  forged  iron ;  but  the 
difficulty  of  welding  it  completely,  especially  with  large  masses, 
the  high  price  of  manual  labor,  the  want  of  elasticity  of  the 
metal,  and  the  want  of  hardness  relative  to  cast  iron,  render  very 
doubtful  the  advantages  claimed  for  coins  made  of  it  bv  some 
authors ;  at  the  head  of  whom  stands  the  celebrated  31  r.  Mallet, 
whose  valuable  work  on  cast  iron  contains  a  mass  of  interesting 
and  instructive  information  for  the  artillery  student.  Forged 
pins  usnally  fail  from  defective  welding,  especially  after  use  and 
cxjHjsure  to  the  air  and  moisture ;  the  least  opening  gives  rise  to 
rust,  which  of  course  soon  weakens  the  union  between  the  differ- 
ent parts  of  the  metal.  This  peculiar  weakness  of  wrought  iron 
will  he  better  understood  when  it  is  stated  that  there  is  no  iron 
of  *o  close  a  texture  as  to  prevent  gases  or  even  fluids  from  pass- 
ing through  its  fibres.  Grease  will  penetrate  through  the  sides 
of  an  iron  pot ;  and  the  finest  steel  blade,  if  oiled  and  bent,  and 
the  oil  wiped  off  clean,  will,  when  allowed  to  resume  its  natural 
p^ition,  exude  particles  of  oil,  thus  showing  that  the  fluid  has 
penetrated  the  pores  of  the  metal. 

The  Bore. — The  bore  of  guns  is  6mooth,  though  many 
attempts  have  been  made,  by  cutting  grooves  in  them,  to  produce 
rifle  motion  in  the  shot ;  a  much  more  difficult  problem  than  in 
ptiiaII  arms,  since  the  metal  of  cannon  balls  is  too  hard  to  be 
forced  into  the  grooves  as  in  a  common  rifle. 

Richochet  firing  plays  an  important  part  in  warfare,  since  by 
the  bounding  along  of  the  ball  on  the  surface  of  the  ground, 
points  are  reached  not  otherwise  attainable  by  direct  fire.  The 
l*.-*t  form  for  richochet  firing  being  the  spherical,  a  ball  of  that 
OiajK?  having  a  girdle  around  it  on  one  of  its  great  circles  similar 
ti>  the  English  rifle-bullet,  would  present  some  of  the  advantages 
of  a  rifle-ball,  without  losing  all  those  of  one  fired  from  a  smooth 
bored  gun.  But  the  great  difficulty  is  in  compelling  the  girdle 
U>  follow  the  groove  in  the  gun.  If  it  becomes  in  the  least 
jammed  the  progress  of  the  bail  is  arrested,  and  with  the  im- 
mense force  of  the  expanding  gases  behind  it,  the  gun  is  very 
apt  to  buret.  Though,  in  this  particular  method  of  rifling  balte, 
the  danger  is  less  than  with  elongated  projectiles  (as  in  a  sphere 
the  centres  of  gravity  and  figure  are  but  slightly  separated),  the 
force  of  rotation  required  to  retain  the  ball  in  tlte  vertical  plane 
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of  fire  need  not  be  so  strong  as  with  elongated  projectiles,  and 
the  inclination  of  the  grooves  may  be  reduced  sufficiently  to 
allow  the  girdle  to  follow  them,  even  with  strong  charges. 

"When  elongated  projectiles  were  used,  buttons  were  placed  on 
each  side  of  the  cylindrical  portion,  which  fitted  into  the  grooves 
of  the  gun  and  produced  rotation.  But  great  care  had  to  be 
taken  in  placing  them  in  the  gun  ;  and,  during  some  experiments 
at  West  Point,  in  1858,  a  gun  of  the  kind  was  burst,  probably 
either  from  the  shot  getting  a  little  out  of  its  proper  direction, 
and  becoming  jammed  in  the  bore,  or  from  too  great  a  reduction 
in  the  windage. 

No  difficulty  is  found  in  cutting  the  grooves  in  the  gun,  thanks 
to  the  marvelous  improvements  made  in  machinery,  and  they  can 
be  made  of  any  number,  size,  shape,  or  curve,  with  ease.  The 
only  difficulty  being  in  making  the  shot  follow  them, — a  subject 
which  will  be  more  fully  discussed  under  the  head  of  "I'rojectiUs." 

The  friction  of  iron  against  bronze  being  one  of  the  lightest 
known,  bronze  pieces  would  make  the  best  rifles  for  firing  the 
kind  of  projectiles  just  mentioned. 

Exterior  Form. — Cannon  are  in  general  of  a  truncated  con- 
ical form,  with  a  cylindrical  opening  along  the  axis  to  a  certain 
depth.  The  strongest  part  surrounds  the  seat  of  the  charge.  The 
form  is  one  adapted  to  the  effects  of  powder,  the  gases  of  which 
act  equally  in  all  directions,  and  with  a  decreasing  force  as  the 
projectile  moves  towards  the  mouth  of  the  piece.  The  rate  of  thia 
decrease,  however,  was  comparatively  unknown  until  the  late  Col. 
Bomford,  of  the  Ordnance,  succeeded  in  demonstrating  an  approx- 
imate law  by  an  ingenious  device.  Commencing  near  the  muzzle 
of  an  ordinary  piece,  a  hole  was  bored  perpendicular  to  the  axis. 
In  this  a  pistol-barrel  was  securely  screwed,  and  a  bullet  inserted 
in  it.  The  velocity  of  the  bullet  blown  out  by  the  discharge  of 
the  gun  was  measured,  and  similar  experiments  being  made  in 
succession  at  different  points  along  the  piece,  a  series  of  velocities 
increasing  toward  the  breech  was  obtained,  showing  the  relative 
force  of  the  powder  at  the  various  points,  and  giving  an  indica- 
tion of  the  requisite  thickness  of  metal.  On  the  data  thua 
obtained,  our  first  shell-gun*,  or  columbiads,  were  formed. 

AVkigiit. — The  weight  of  a  piece  is  determined  by  that  of  its 
projectile,  and  the  maximum  velocity  necessary  to  give  this, 
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according  to  the  service  in  which  it  is  to  be  used.  It  is  evident 
that  in  cannon,  as  in  small-arms,  the  piece  is  acted  on  by  a  greater 
effort  than  that  which  throws  the  projectile  forward ;  the  differ- 
ence in  the  result  being  due  to  the  weight  and  friction  in  the 
gun.  The  recoil  of  the  gun  will,  therefore,  become  greater  as  it 
becomes  lighter,  and  the  reverse. 

The  velocities  vary  inversely  as  the  masses  ( V:  v : :  m :  M) ; 
therefore  by  making  the  piece  300  times  heavier  than  the  ball,  the 
recoil  will  be  scarcely  1-300  of  what  it  would  have  been  had  the 
piece  and  ball  been  of  equal  weight.  Take  the  case  of  an  iron 
12-pdr.  (300  times  heavier  than  its  ball)  which,  giving  with  3  lbs. 
of  j>owder  an  initial  velocity  of  1742  fit.,  would  recoil  yTy  =5.8  ft., 
a  velocity  not  too  great  for  the  preservation  of  the  carriage,  which, 
by  its  friction  on  the  platform  or  ground,  decreases  still  farther 
the  recoil.  Had  the  piece  been  but  100  times  heavier  than  its 
shot,  as  is  about  the  case  with  the  12-pdr.  Jield-gnn  (121  times), 
the  velocity  of  recoil  would  have  been  three  times  as  great,  or 
17.4  ft.,  and  the  carriage  would  be  destroyed  uidess  the  charge 
was  diminished  ;  and  in  field  artillery  this  is  done. 

The  weight  of  the  ball  and  the  velocity  it  is  to  have,  being 
given,  the  weight  of  the  piece  becomes  known ;  and  then  the  metal 
i*  distributed  along  its  length,  in  the  way  that  experiment  proves 
is  most  suitable  to  resist  the  force  of  the  powder.  The  piece  is 
made  thicker  as  the  tenacity  of  the  metal  decreases. 

Form. — If  the  tension  of  the  gas  diminished  at  a  uniform  rate, 
the  *nrface  of  the  piece  might  be  continuous  ;  but  it  is  not  so,  and 
the  piece  presents  several  truncated  cones,  forming  offsets,  which 
an?  finished  off  with  mouldings.  These  cones  are  called  rein forces  / 
die  one  next  the  breech  being  the  first,  the  next  one  the  second 
reinforce,  and  the  third  the  c/iase.  The  different  thicknesses  are 
so  calculated  as  to  offer  sufficient  resistance  to  the  force  of  the 
powder  and  the  shock  of  the  projectiles. 

If  the  action  of  the  gus  alone  was  considered,  it  would  be 
necessary  to  give  but  little  thickness  towards  the  muzzle.  But  the 
shocks  of  the  projectiles  glancing  along  the  bore  would  soon 
injure  the  accuracy  of  fire  of  a  piece  so  constructed,  and  a  thick- 
ness greater  than  is  required  merely  to  resist  the  force  of  the 
powder  is  neeesnarv. 
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The  chase  is  terminated  by  the  swell  of  the  muzzle  in  guns, 
and  a  muzzle  band  in  howitzers,  an  increase  of  thickness  which  is 
found  necessary  to  prevent  the  mouth  from  splitting  from  the 
shocks  of  the  projectiles. 

The  interior  of  guns,  called  the  boj'e,  is  perfectly  cylindrical, 
and  has  a  diameter  greater  than  that  of  the  shot ;  the  difference 
between  the  two  is  called  the  windage,  the  object  of  which  is  to 
insure  the  service  of  the  piece,  and  prevent  any  difficulty  in  intro- 
ducing the  projectile,  either  from  the  formation  of  rust,  or  from 
heat,  as  in  firing  hot  shot. 

Windage  diminishes  the  accuracy  of  fire,  weakens  the  effect 
of  the  charge  by  allowing  an  escape  of  gas,  and  is  the  principal 
cause  of  deterioration  in  cannon.  It  is  therefore  of  importance  to 
make  the  windage  as  small  as  possible  compatible  with  ease  and 
efficiency  in  loading. 

Length.'— The  weight  of  a  piece  and  its  thickness  being  given, 
its  length  is  determined ;  yet  in  some  cases  a  certain  length  is 
indispensable,  as  in  the  case  of  embrasure  guns,  where  the  muz- 
zle must  project  60  far  into  the  mouth  of  the  embrasure  as  not  to 
injure  the  cheeks.  Then  the  question  of  length  is  more  difficult 
to  solve. 

At  first  sight  it  would  seem,  that  the  longer  the  piece  the 
greater  would  be  the  velocity  impressed  on  the  ball ;  but  the 
shocks  and  friction  of  the  latter  counterbalance,  and  might  end 
with  exceeding,  the  action  of  the  motive  force.  For  this  reason 
bronze  pieces  are  not  made  longer  than  24  or  25  calibers.  Iron 
dicces,  in  order  to  render  them  movable,  and  in  consequence  of  the 
want  of  tenacity  in  the  metal  are  made  generally  shorter,  though 
our  12-pdr.  iron  gun  is  longer  than  the  12-pdr.  bronze  field-piece, 
an  anomaly  which  probably  results  from  the  necessity  for  length 
in  the  first  piece,  and  lightness  in  the  second.  The  limit  of  length 
appears  to  be  more  extended  for  6mall  calibers  than  for  large ; 
and  for  very  dense  projectiles  than  for  those  of  little  density. 

Chamber. — When  a  light  piece  is  intended  for  throwing  large 
and  heavy  projectiles,  the  effect  of  recoil  may  bo  lessened  bv  em- 
ploying  small  charges  of  powder;  but  as  they  would  be  difficult 
to  manage,  and  would  form  but  a  small  mass  retained  with  diffi- 
culty in  its  proper  place  in  the  gun,  a  cavity  called  a  chamber  is 
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made  in  the  bottom  of  the  bore,  designed  to  keep  the  powder 
together  in  its  proper  place,  and  by  keeping  it  more  more  con- 
fined, increasing  its  efficiency. 

There  are  three  kinds  of  chambers : 
the  cylindrical  (A),  Fig.  17,  conical 
(B),  and  spherical  (C). 

Cylindrical. — In  the  first,  the  bot- 
tom of  the  bore  at  the  mouth  of  the  A  B 
chamber  is  formed  of  a  portion  of  a  **«•"• 
sphere,  so  that  the  projectile  closes  the  mouth  of  the  chamber. 
This  is  the  chamber  used  in  our  different  howitzers,  and  in  the 
eprouvctte  mortar.  It  is,  however,  joined  to  the  bore  in  the  way 
above  described  only  in  the  eprouvctte,  and  in  one  of  the  howit- 
zers (the  8-in.  siege).  In  the  other  howitzers  it  is  connected  by 
means  of  a  conical  surface,  the  junctions  being  rounded  off  to  pre- 
vent being  worn  away  by  the  action  of  the  powder.  Cylindrical 
chambers,  when  narrow  and  deep,  give  greater  ranges  than  shal- 
low wide  ones,  which  do  not  confine  the  powder  so  much,  but  as 
in  the  former  the  gas  acts  on  but  a  small  segment  of  the  projec- 
tile (usnally  hollow),  it  sometimes  breaks  it ;  and,  for  this  reason, 
too  great  a  depth  in  cylindrical  chambers  is  avoided. 

The  Gomer  chamber  (after  its  inventor)  consists  of  the  fms- 
trnm  of  a  cone  connected  witli  the  bore  by  a  portion  of  the  sur- 
face of  a  sphere.  This  kind  of  chamber  is  considered  the  most 
advantageous  for  mortars,  and  is  used  in  most  of  ours.  Iking 
Urge  at  the  mouth,  it  allows  the  powder  to  act  on  an  entire  hemi- 
sphere of  the  projectile,  and  no  risk  is  run  of  breaking  it.  It, 
however,  gives  a  less  range  than  either  of  the  others,  but  its 
capacity  is  greater. 

The  spherical  chamber  consists  of  a  sphere,  joined  to  the  bore 
of  the  piece  by  means  of  a  small  cylinder  which  serves  as  a  chan- 
nel to  the  gases.  As  this  cylinder  decreases  in  diameter,  the  gas 
finds  more  difficulty  in  escaping,  and  greater  force  is  developed. 
Tlii*  chamber,  however,  is  even  more  objectionable  than  the  cyl- 
indrical one,  from  its  liability  to  break  the  projectiles,  although 
it  gives  the  greatest  range  of  the  three  chambers.  This  chamber 
is,  in  the  first  place  hard  to  make,  and,  in  use,  soon  becomes  foul, 
and  is  very  difficult  to  clean  out.    It  is  now  entirely  given  up. 

With  pieces  which  arc  fired  nearly  horizontally,  and  loaded 
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with  a  rammer,  the  cylindrical  chamber  is  the  best,  and  being 
connected  with  the  bore  by  a  conical  surface,  the  charge  slides  up 
into  the  chamber  without  any  difficulty.  In  the  8-in.  siege  how- 
itzer, which  is  short  enough  to  be  loaded  by  hand,  this  connection 
is  not  necessary,  and  it  is  made  spherical  for  the  purpose  of  using 
the  shell  without  a  sabot.  The  advantages  of  which  will  be  men- 
tioned hereafter. 

For  small  charges  a  chamber  is  always  advantageous,  no  mat- 
ter what  the  length  of  the  piece ;  but  the  advantages  are  more 
marked  the  shorter  the  piece  is  made.  In  proportion  as  the  piece 
is  lengthened  and  the  charge  is  increased,  the  influence  of  the 
chamber  becomes  less  marked,  until  with  a  bore  of  10  or  12  cali- 
bers long  and  a  charge  l-7th  the  weight  of  the  projectile,  it  ceases 
to  be  appreciable.  In  guns  where  the  charges  are  large,  a  cham- 
ber would  diminish  the  velocity  by  lengthening  and  confining  the 
charge,  thus  retarding  its  inflammation. 

In  all  our  guns  and  howitzers,  the  bottom  of  the  bore  is  a 
plane  surface  perpendicular  to  the  axis  of  the  piece,  and  joined  on 
to  the  sides  of  the  bore  by  an  annular  surface  whose  cross-section 
is  part  of  the  circumference  of  a  circle  described  with  a  radius  of 
l-4th  the  diameter  of  the  bore  or  chamber  at  that  point.  This 
construction,  which  facilitates  the  boring  and  cleaning  of  the  gun, 
adds  somewhat  to  the  solidity  at  the  breech. 

The  vest  is  the  cylindrical  channel  which  serves  to  convey 
fire  to  the  charge.  It  is,  in  our  service,  2-lOths  of  an  inch  in  dia- 
meter, and  is  calculated  in  such  a  manner  that  the  escape  of  gas 
shall  not  be  too  great,  and  that  the  priming-tubes,  wires,  &c, 
used  with  the  pieces,  may  be  large  enough  for  effective  service. 
In  general,  the  vent  enters  the  bore  at  a  distance  from  the  bottom 
equal  to  l-4th  the  diameter  of  the  bore ;  that  is,  just  where  the 
curved  surface  joining  the  two  commences.  It  usually  makes  an 
angle  of  80°  with  the  axis  of  the  piece,  which,  besides  giving  a 
greater  thickness  of  metal  to  pass  through,  makes  it  more  con- 
venient to  prime.* 

In  bronze  pieces,  the  heat  and  current  of  gas  through  the 
vent  melts  out  and  carries  away  the  tin,  rapidly  widening  the 

*  This  inclination  of  the  vent  is  objectionable  when  friction-tubes  are  used,  by- 
rendering  it  ensier  to  pull  the  tube  out  of  the  vent  The  vents  of  the  new  guns,  12, 
64,  and  128  pdrs.,  have  in  consequence  been  placed  perpendicular  to  the  aiis. 
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aperture.  For  this  reason  the  vent  is  made  in  a  vent-piece  of  pure 
copper  screwed  into  the  gun,  which  enables  us,  when  the  vent 
becomes  too  much  enlarged,  to  replace  it  by  another.  When  the 
charges  used  are  very  small,  and  the  projectile  not  very  heavy,  no 
vent-piece  is  used.    In  iron  pieces  the  vent  is  made  in  the  metal 

With  the  usual  charges,  the  influence  of  the  position  of  the 
vent  on  the  force  of  the  shot  or  recoil  does  not  appear  to  be 
great,  whether  it  enters  at  the  middle  or  the  bottom  of  the  charge. 
In  firing  small  charges,  however,  the  latter  position  is  the  best,  so 
that  every  portion  of  the  cartridge-bag  may  be  expelled.  Should 
the  vent  enter  too  far  from  the  bottom  of  the  bore,  the  priming- 
wire  and  fire  might  miss  the  cartridge  by  passing  to  the  front 
of  it. 

TerNTfioxs. — Pieces  are  mounted  on  their  carriages  by  means 
of  trunnion*.  These  are  cylinders  cast  on  the  gun,  having  their 
common  axis  perpendicular  to  that  of  the  gun.  Their  size  should 
be  proportional  to  the  force  of  recoil,  and  their  position  is  determ- 
ined in  such  a  way  as  to  weaken  or  favor  the  recoil  according  to 
need.  In  long  pieces  they  are  placed  slightly  in  front  of  the  cen- 
ter of  gravity  of  the  piece,  in  order  that  the  breech  may  always 
remain  resting  upon  the  elevating  apparatus,  for  convenience  in 
sighting,  &c.  In  mortars,  they  arc  now  placed  entirely  behind 
the  piece,  so  that  the  chase  of  these  rests  upon  their  elevating 
quoins,  which  are  placed  in  front. 

It  is  on  the  position  of  their  axis  in  reference  to  that  of  the 
gun  that  the  recoil  depends  to  a  certain  extent.     If  this  is 

Q     beloxo  that  of  the  piece,  A,  Fig.  IS,  the 
CT  7   B  /^v   \    recoil  will  be  diminished ;  for,  being 
b  \J)        transmitted  along  the  axis  of  the  piece, 

hh,  and  the  carriage  resisting,  by  vir- 
t*.\k  tue  of  its  inertia,  the  tendency  would 

he  to  turn  the  piece  around  the  axis  of  the  trunnions,  with  a  force 
pp.j*>rtional  to  the  arm  of  the  lever,  a  b,  and  this,  pre»ing  down 
the  breech,  forces  the  trail  to  the  ground,  and  diminishes  the 
recoil. 

If  the  axis  is  above  that  of  the  piece,  B,  the  tendency  to  turn 
around  the  trunnions  is  in  the  opposite  direction.  This  relieves 
the  trail  and  favors  the  recoil,  but  the  carriage,  and  especially  the 
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axle-tree,  experience  less  shock.  These  two  positions  are  used  by 
some  nations,  according  to  circumstances. 

In  all  our  pieces,  the  axis  of  the  trunnions  is  in  the  same  plane 
with  the  axis  of  the  piece,  C,  which  transmits  the  recoil  directly 
to  the  trunnions. 

Rimbases. — The  trunnions  are  joined  to  the  piece  by  larger 
cylinders  called  rimbases  which  serve  to  consolidate  tlicm  and 
keep  the  piece  in  the  same  position  on  its  carriage. 

Knob. — Guns  and  howitzers  are  terminated  at  the  breech  by 
a  knob  or  ball,  called  the  hwb  of  the  cascahh,  which,  placed  at 
the  end  of  a  contraction  called  the  neck,  gives  a  point  of  attach- 
ment or  support  in  maneuvering  the  piece.  Without  this  arrange- 
ment the  piece  would  offer  but  little  hold  for  the  action  of  forces. 

Handles. — Some  pieces,  as  our  12-pd.  field-gun,  and  24-pd. 
and  32-pd.  lield-howitzers,  have  handles  placed  over  the  center  of 
gravity,  to  assist  in  manceuvering  them.  The  pieces  mentioned 
have  twoy  which  are  cast  with  them,  and  are  rounded  off  on  the 
inside  so  as  not  to  cut  a  rope,  when  used  a6  a  means  of  suspend- 
ing them.  Mortars,  when  any  are  placed  on  them,  have  but  one. 
They  arc  not  usually  placed  on  iron  pieces,  as,  unless  they  are 
very  large  and  clumsy,  the  metal  is  too  fragile  to  support  the 
weight  of  the  gun.  Small  bronze  pieces,  as  the  6-pd.  field-gun, 
12-pd.  field-howitzer,  and  12-pd.  mountain-howitzer,  have  none. 

Formerly  guns  were  covered  with  all  sorts  of  ornaments,  coats 
of  arms,  devices  in  relief,  tvx.,  which,  besides  increasing  the  cost 
of  them,  were  the  cause  of  weakening  the  pieces.  They  are  now 
very  plain,  and  marked  after  their  reception  into  the  service. 

UNITED  STATES'  ORDNANCE. 

Ordnance  for  the  land  service  is  divided  into  three  classes, 
according  to  form  and  the  kind  of  projectile  used  with  each,  viz. : 
Gun*,  Ilmcltzers  (including  Columbiad*),  and  Mortars. 

I.  Gins  are  the  largest  and  heaviest  pieces  in  regard  to  their 
projectiles,  which,  acting  simply  by  their  force  of  percussion,  are 
always  fired  with  large  charges,  \  and  sometimes  £  the  weight 
of  the  ball.  They  are  used  for  striking  objects  direct  and  at  a 
distance;  or,  by  their  ricochet  fire,  for  attaining  objects  not 
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accessible  by  direct  fire,  and  overthrowing  or  breaking  them 
down  by  the  force  of  percussion.  They  are  also  used  in  battering 
down  the  walls  of  fortifications.  They  are  always  designated  by 
the  weight  of  the  solid  shot  which  they  carry. 

DrviDKD. — We  have  seven  different  calibers,  which  are  divi- 
ded into  three  classes,  according  to  the  positions  in  which  they 
are  used. 

1.  S*a  Coast   32  and  42-pdr».  )  ~   f .    n  )  „ 

i  Suy  and  Garri,on. .  12,  ,g.  and  24-pdr*  f  Ca9t  ^  [  For  dimeniiona,  see  Appen- 
5.  Ftdd  6  and  12-pdra, .  .Bronze.    )     dlx'  ^  X' 

The  sea-coast.  Fig.  10,  being  the  heaviest,  are  used  principally 
in  permanent  fortifications  on  the  sea-board.  They  are  neither  as 
long  nor  as  heavy,  in  proportion  to  the  size  and  weight  of  their 
projectiles,  as  the  2d  Class. 

The  line  of  metal,  or  natural  line  of  sight,  is  the  line  joining 
the  highest  points  of  the  breech  and  muzzle,  but  in  these  two 
pieces  the  intervening  metal  prevents  the  highest  point  of  the 
muzzle  from  being  seen  when  the  eye  is  at  the  highest  point  of 
the  breech.  In  firing,  therefore,  at  what  would  be  point-blank 
distance,  or  within  that,  a  muzzle-sight  has  to  be  used,  the  top  of 
which  is  at  a  distance  above  the  highest  point  of  the  muzzle  equal 
to  the  difference  between  the  semi-diameter  of  the  muzzle  and  the 
remi-diameter  of  the  largest  circle  of  the  breech.  This  difference 
is  called  the  dispart.  The  above  remark  applies  also  to  the  sea- 
coast  howitzers. 

The  natural  angle  of  sight  is  the  angle  which  the  natural  line 
of  sight  makes  witli  the  axis  of  the  piece. 

The  dispart  is  therefore  the  tangent  of  the  natural  angle  of 
Rght  to  a  radius  equal  to  the  distance  from  the  rear  of  the  base- 
ring  to  the  highest  point  of  the  muzzle,  measured  on  a  line  par- 
allel to  the  axis  of  the  gun. 

The  hise-ring  is  a  projecting  band  of  metal  encircling  the  gun 
next  to  the  base  of  the  breech,  and  is  joined  to  the  body  of  the 
piece  by  a  concave  moulding. 

The  Itase  of  the  breech  is  the  part  immediately  in  rear  of  the 
breech,  and  in  these  guns  is  a  spherical  segment. 

The  rateable  is  all  that  part  of  the  gun  in  rear  of  the  base-ring, 
and  U  composed  of  the  knob,  neck,  filet,  and  base  of  the  breech. 
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The  breech  is  that  part  of  the  solid  metal  between  the  bottom 
of  the  bore  and  the  rear  of  the  base-ring. 

The  neck  is  the  smallest  part  of  the  chase  of  the  piece. 
Around  it  is  placed  the  chase-ring. 

The  sxoell  of  the  muzzle  is  the  largest  part  of  the  piece  in  front 
of  the  neck.  It  is  terminated  by  the  muzzle  mouldings,  which  in 
these  guns  consist  simply  of  a  lip. 

The  face  of  the  piece  is  the  terminating  plane  perpendicular 
to  the  axis. 

The  bore  of  the  piece  includes  all  the  part  bored  out;  It  is 
terminated,  in  all  guns,  at  the  bottom,  by  a  plane  perpendicular 
to  the  axis,  joined  to  the  bore  by  an  annular  surface,  as  before 
described. 

A  loch-piece  is  usually  cast  on  iron  guns  near  the  vent  for  the 
purpose  of  attaching  a  lock,  but  is  now  never  used  since  the  intro- 
duction of  friction  tubes. 

The  pi'epondcrance  of  the  breech  is  the  excess  of  weight  in  rear 
of  the  trunnions  over  that  in  front,  and  is  measured  by  the  weight 
which  must  be  applied  in  the  plane  of  the  face  to  balance  the  gun 
when  suspended  freely  on  its  trunnions.* 

The  suge  and  garrison  guns,  Fig.  20,  are  used  in  permanent 
fortifications,  as  well  as  in  field  works,  and  in  sieges  to  batter  down 
the  walls  of  the  besieged,  forming  breaches,  to  dismount  their 
guns,  &c.  As  when  used  in  a  siege  they  have  to  be  fired  through 
earthen  embrasures,  they  are  made  long  enough  to  project  into 
the  mouth,  so  that  the  blast  from  the  gun  will  not  destroy  the 
cheeks. 

The  natural  angle  of  sight  in  these  guns  is  The  muzzle 
mouldings  consist  of  a  lip  and  filet.  The  base  of  the  breech  is 
of  a  conical  shape. 

Hie  feld-gxms,  B,  Fig.  21,  are  used  in  the  field  as  light  artil- 
lery. They  are  made  of  bronze,  and  are  our  lightest  pieces. 
The  natural  angle  of  sight  is  1°.  The  12-pdr.  has  over  its  center 
of  gravity  two  handles.  The  base  of  the  breech  is  a  part  of  a 
cone,  like  the  preceding  guns. 

Fig.  21,  A  represents  the  new  12-pdr.  gun  recently  adopted 

*  A  more  accurate  method  is  to  determine  the  lifting  force  in  pound*  necessary 
to  be  applied  at  the  base-ring  to  balance  the  piece  in  it*  trunnion-beds ;  and  this  is 
the  plan  now  pursued. 
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for  field  service.  As  it  is  designed  to  use  with  this  piece  both 
hollow  and  solid  6hot,  it  will  probably  replace  in  our  field  artil- 
lery both  the  guns  and  howitzers  now  in  use,  except  where  very 
li^ht  pieces  are  required.  For  dimensions,  &c,  see  Appendix,  p.  1. 

In  all  our  guns  the  diameter  of  the  trunnions  is  the  same  as 
that  of  the  bore  of  the  piece.  Their  axis  is  in  the  same  plane  as 
the  axis  of  the  piece,  and  perpendicular  to  it.  In  the  French  guns 
it  Ib  below  the  axis  of  the  piece. 

A  very  good  way  to  remember  the  diameter  of  the  bore  of 
any  particular  piece  is  by  means  of  the  following  table,  showing 
a  common  difference  with  all  the  pieces  but  one.* 


• 

(■.•mtiifuj  difference  

L  _ 

42 

:<2 

24 

18 

12  6 

■ 

In  inches. 

Vt- ry  nearly  the  same. 

7 

•  • 

7 

6.4 
.6 
6.4 

5.82 
.6 
5.8 

5.8 
.6 
6.2 

4.62 
.6 
4.6 

3.67 
6 

'■* 

By  an  examination  of  the  table  at  page  1  of  the  Appendix,  it 
will  be  seen  that  the  windage  also  in  theso  guns  decreases  very 
regularly. 

A  howiUer  is  a  gun  with  a  chamber  in  it.  It  is  used  princi- 
pally for  firing  hollow  projectiles  or  shells ;  and  as  these  require 
for  efficiency  a  certain  velocity,  and  are  liable  to  break  if  too  much 
powder  is  fired  behind  them,  it  becomes  an  important  object  to 
use  a  small  charge,  and  give  it  all  the  power  of  which  it  is  sus- 
ceptible. These  points  are  gained  by  the  use  of  the  chamber, 
which  in  all  our  howitzers  is  cylindrical  in  shape. 

The  howitzers  are  divided  into  four  classes,  viz  : — 


1.  S"t- Coast  8-and  10-in.  ) 

f Aftt  iron 

1.         and  Garrison. . .  .8-in.  and  24-pdrs.  ) 

*  y»U  12, 24,  and  82-pdr*.  I  Bronzo 

1  Momntatn  12-pdr*.  ' 


For  dimension*,  see  Ap- 
pendix, p.  2, 


The  calibre  of  the  howitzer  is  designated  either  by  the  weight 
of  the  solid  bhot  it  would  carry,  or  the  diameter  of  the  bore  in 
inches. 

The  tea-coast  howitzers,  Fig.  22,  are  used  in  permanent  fortifi- 
cations principally  on  the  sea-coast.  They  are  similar  in  appear- 
ance to  the  sea-coast  guns,  except  being  shorter  and  thicker, 
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though  with  a  less  thickness  of  metal,  as  the  charges  are  so  much 
less.  The  parts  are  designated  in  the  same  way,  and  in  addition 
we  have  the  chamber.  It  is  sometimes  stated  as  a  reason  for  not 
making  these  chambers  conical  in  form,  that  the  cartridge  is  apt 
to  slide  forward,  instead  of  lying  against  the  bottom  of  the  bore 
as  it  ought  ;  but  many  of  the  naval  howitzers  are  made  with 
conical  chambers  and  found  to  work  well. 

Howitzers  are  used  generally  to  throw  shells  and  other  hollow 
projectiles,  which  act  by  their  explosion  as  well  as  by  their  force 
of  percussion,  and  set  fire  to  towns  and  other  shelters  of  an  enemy. 
The  piece  being  shorter  and  lighter  in  proportion  to  its  projectile 
than  the  gun,  and  the  charges  used  being  smaller,  the  accuracy 
of  fire  is  much  less.  This  is  compensated  for,  however,  in  the 
greater  execution  of  the  shell  when  it  bursts. 

The  system  of  shell-guns  first  practically  brought  into  use  in 
1822  by  the  French  general  Paixhans,  was  adopted  soon  after- 
wards by  us,  and  the  number  of  pieces  has  been  steadily  increa- 
sing ever  since ;  a  special  piece  called  the  Columbiad^  differing 
slightly  from  the  ordinary  howitzers,  having  within  late  years 
been  added  to  our  armament.  The  propriety  of  this  addition  is 
questionable.  The  columbiad  requires  a  special  carriage,  drill, 
and  method  of  management,  thus  increasing  the  number  of  these 
in  the  service,  which  is  objectionable.  As  the  columbiads  carry 
the  same-sized  projectiles  as  the  sea-coast  howitzers,  these  last 
should  be  discarded  from  our  armament  at  once,  if  the  superiority 
of  the  columbiad  is  demonstrated.  The  form  of  this  last  is  ob- 
jectionable in  several  particulars,  which  will  be  noted  under 
another  head. 

The  siege  and  garrison  howitzers,  Fig.  23,  are  used  in  the 
trenches  at  sieges,  and  in  the  defenses  of  permanent  fortifications. 
The  8-in.  usually  in  sieges,  the  2-i-pdr.  generally  in  garrison,  more 
especially  in  flank  casemate  defense,  in  which  position  a  special 
carriage  is  appropriated  to  its  use. 

The  8-in.  is  a  very  short  piece,  and  is  loaded  by  hand.  The 
chamber,  instead  of  being  joined  to  the  bore  by  a  conical  surface, 
has  a  spherical  one,  thus  allowing  the  shell  to  fit  down  close  over 
the  mouth  of  the  chamber,  without  using  a  sabot  or  block  of  wood, 
as  with  other  howitzers.    This  is  a  matter  of  considerable  import- 
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wee,  as  the  piece  being  used  in  siege  batteries,  is  frequently  com- 
pelled to  fire  over  the  heads  of  the  meu  in  the  advanced  trenches. 
A  sabot  6o  fired,  and  flying  to  pieces,  would  be  dangerous  to  one's 
otrn  party.  The  breech  of  this  howitzer  is  made  as  heavy  as 
t-^fsible,  so  as  to  throw  the  centre  of  gravity  to  the  rear  and  make 
the  muzzle  project  as  far  as  possible  to  the  front,  to  save  the 
eaibrasures. 

The  24-pdr.  having  but  one  reinforce,  shows  no  band  similar 
t  ube  one  on  sea-coast  howitzers  at  the  junction  of  the  1st  and  2d 
reinforces.  The  swell  of  the  muzzle  is  replaced  by  a  muzzle  band, 
i>  the  case  also  with  the  8-in.  and  the  field  and  mountain  how- 
itzers. The  base  of  the  breech  is  conical,  as  in  all  guns  and 
howitzers,  except  the  sea-coast. 

The  field  howitzers,  fig.  24,  are  used  in  the  field  in  light  bat- 
teries the  12-pd.  with  the  6-pd.  gun,  and  the  other  two  with  the 
13-pd.  gun,  which  fits  on  the  6ame  carriage  as  the  32-pd. 

The  chamber  increasing  the  thickness  of  metal  near  the 
breech,  enables  us,  where  greater  lightness  is  necessary,  to  reduce 
the  weight  by  taking  off  a  portion  of  the  metal  on  the  outside 
around  the  chamber.  This  is  done  in  the  24  and  32  pdrs.,  and  in 
the  s-iri.  siege  howitzer,  as  also  in  the  mountain  howitzer ;  form- 
ing what  is  called  the  recess. 

The  24  and  32  pdrs.  have  each  two  handles. 

The  Mountain  howitzer,  fig.  24,  is  a  very  light  12-pdr.  a  trifle 
over  a  yard  long,  without  any  reinforce,  and  used  for  service  in 
countries  so  rough  as  not  to  admit  thj  passage  of  wheeled  vehi- 
cles. It  and  its  carriage,  taken  to  pieces,  are  carried  on  the  backs 
of  mules,  which,  with  more  favorable  roads,  may  be  used  to  draw 
the  carriages  (two  wheeled)  with  the  piece  mounted  ready  for 
use.  A  special  carriage  with  four  wheels  has  been  invented  for 
u*e  with  this  piece  on  the  prairies,  where  the  two-wheeled  car- 
riage is  inconvenient  on  account  of  its  liability  to  upset. 

ColumhiaJs,  a,  fig.  25. — These  are  of  two  sizes,  the  8  and  10 
Inch.  They  are  longer,  thicker,  and  much  heavier  than  the  sea- 
coa*t  howitzers,  and  are  used  in  similar  positions.  They  havo 
ho  hand  at  the  junction  of  the  1st  and  2d  reinforces,  like  the 
howitzers,  and  the  breech  is  not  so  full  and  rounding.  The  first, 
we  will  show  hereafter,  strengthens  the  gun ;  and  the  last  feature 
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weakens  it.  The  bottom  of  the  chamber  is  hemispherical.  The 
knob  of  the  casable  is  also  different  from  other  pieces,  and  is  cu| 
through  for  the  purpose  of  forming  on  the  base  of  the  breech  4 
system  of  steps  or  notches,  which  are  of  very  great  assistance  id 
elevating  the  piece,  the  mass  of  metal  being  so  great. 

New  Columhuuls.  b,  fig.  25,  represents  the  new  columbiads 
or  128  and  64  pdrs. 


MORTARS. 


A  mortar  is  a  short-chambered  piece  used  for  throwing  at 
great  elevation,  shells,  which,  acting  by  their  velocity  acquire 
in  falling,  serve  to  crush  the  vaults  and  shelters  of  the  enemy,  and 
set  fire  to  them.   The  chamber  is  particularly  necessary,  as  tin 
piece,  being  very  short,  small  charges  have  to  be  used.  Th 
chamber  usually  employed  in  our  service,  is  the  conical 
Gomer. 

Mortars  are  designated  usually  by  the  diameter  of  the  borei 
inches.    They  are  cylindrical  in  shape,  terminated  in  the 
spherically,  and  have,  of  course,  no  angU  of  sight. 

In  our  service  there  are  seven,  divided  into  the  followi 
classes,  viz. : 

Heavy,  Sea- Coast  10  an«l  13  in.  )  "I 

Light,  Siege  and  Garrison.  8  and  10  in.  \    ron-  Fof  dimen9ioiu  ,,a 

Stone   16  in.  )  y      .  _ 

n  ,  I?  Qn  '    /o  4    i  J  Bronze.     f     Appendix,  p.  3. 

Coehorn   5 .82  in.  (24  par.) ) 

Eprouvrtte   6. 695  in.      "        Iron.  J 

The  last  is  the  only  one  with  a  cylindrical  chamber. 

The  heavy  sea-coast  mortars,  fig.  26,  are  used  principally  fo 
sea-coast  defense.  Their  chamber  is  terminated  at  the  bottom  b 
a  hemisphere,  and  joined  on  to  the  bore  by  a  portion  of  another  i 
which  the  shell  fits.  This  connecting  surface  in  the  siege  and| 
garrison  mortars,  is  so  small  a  portion  of  a  sphere  as  to  be  scarcely 
perceptible,  being,  in  fact,  simply  a  rounding  off  of  the  metai 
where  the  chamber  and  bore  meet.  All  sharp  angles  at  thi3 
junction,  as  well  as  at  the  mouth  of  the  chamber,  in  all  the  mor- 
tars and  howitzers,  are  rounded  off  to  prevent  their  being  worn 
off  by  the  action  of  the  powder. 
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In  place  of  handles,  the  heavy  mortars  have  an  ear  cast  over 
the  center  of  gravity,  by  means  of  which,  and  a  bolt,  a  clevis  is 
attached,  to  be  used  in  handling  the  piece.  The  stone  mortar  is 
tiie  only  other  one  having  a  similar  arrangement. 

Hie  light  siege  and  garrison  mortars^  fig.  27,  are  for  use  in 
the  trenches  at  sieges,  and  in  the  defense  of  fortifications  of  all 
kinds.  They  are  made  light  enough  to  be  easily  transported  with 
a  marching  army.  The  stone  mortar,  fig.  2S,  is  used  under  the 
time  circumstances  for  throwing  baskets  of  stone  or  small  shells 
for  very  short  distances.  It  is  used  by  the  besiegers  to  clear  the 
breach  just  before  the  advance  of  the  storming  party,  or  by  the 
besieged  to  repulse  this  last  as  it  advances  up  the  breach. 

The  divided  state  of  the  projectiles  thrown  from  it,  renders  it 
unnecessary  to  have  the  sides  very  strong,  which  are  therefore 
tUn  ;  and  the  piece  is  made  of  bronze.  It  is  further  decreased  in 
weight  by  removing  a  large  portion  of  metal  in  rear  of  the  piece, 
which  changes  it  from  the  spherical  form  of  the  other  mortars. 
The  bottom  of  its  chamber  is  hemispherical. 

Hie  Coehorn,  Fig.  28,  named  after  its  inventor,  is  used  like 
the  preceding,  and  is  especially  adapted  for  sieges,  where  on  ac- 
count of  its  lightness,  it  can  be  carried  from  trench  to  trench  by 
tw.i  men.  It  is  6trong  enough  for  the  use  of  large  charges,  and 
with  8  v/..  gives  a  range  of  1,200  yards. 

The  Epr^uvitU',  Fig.  28,  can  scarcely  be  considered  as  a  part 
"f  our  armament,  since  it  is  used  simply  for  testing  powder;  and 
even  fi»r  this,  it  is  now  almost  entirely  superseded  by  the  pendu- 
lum.* It  is  cast  with  a  sole,  the  plane  of  which  makes  an  angle 
'•t'4.V  with  the  axis  of  the  piece.  This  sole  slides  into  a  recess  in 
the  cast-ir^n  bed-plate,  which  last  is  bolted  to  the  platform. 

Although  called  a  24-pdr.,  its  bore  is  less  (5.65.5),  for  the  pur- 
«>f  reducing  the  windage  as  much  as  possible,  and  prevent- 
;:;;»•  the  eseaj>e  of  gas.  For  the  same  reason  the  vent  is  only 
I-l"th  inch  in  diameter.  The  chamber  is  cylindrical,  with  a 
Ltm spherical  bottom. 

Such  are  the  pieces,  as  they  now  exist,  in  our  service;  and 
kit  hough  it  is  not  likely  that  any  very  great  changes  will  be  made 


•  It  i«  »»rjj.-tinui  us«>d  at  tb*  powder  factories  for  determining  tic  i-dative  *trength 
«(|s>wd<™  ofthctAtur  kind. 


Digitized  by  Google 


70 


ARTILLERY. 


in  the  calibres,  improvements  are  constantly  taking  place  as  ex- 
periment and  use  show  them  to  be  necessary.  The  10-in.  sea-coast 
howitzer  has  fallen  into  disuse;  and  experiments  are  being  carried 
on  with  a  columbiad  of  12-in.  bore.  The  form  of  the  columbiad, 
too,  has  changed,  becoming  more  that  of  Dahlgren's  gun,  with 
little  or  no  swell  of  the  muzzle,  and  no  chamber.  They  are  no 
designated  as  64-pdrs.  and  128-pdrs. 

Manufacture. — All  the  ordnance  for  the  United-States  serv 
ice  is  made  at  private  foundries,  and  afterwards  inspected  and 
proved  by  officers  of  the  ordnance  detailed  for  the  purpose.  The 
foundries  where  the  most  of  our  pieces  are  made,  are  the  follow* 
ing : — The  "West  Point  Foundry,  near  Cold  Spring,  N.  Y. ;  th« 
Fort  Pitt  Foundry,  near  Pittsburgh,  Pa. ;  The  Tredegar  Foundry* 
near  Richmond,  Va. ;  the  Algers  Foundry,  near  Boston,  Mass. ; 
and  the  Ames  Foundry,  near  Chicopee,  Mass.  The  last  two  fur* 
nish  the  bronze  ordnance,  and  the  others  the  iron. 

MANUFACTURE  OF  ORDNANCE. 

The  "  modd "  or  form  of  a  gun,  is  made  of 
hard  wood  or  iron  turned  to  a  size  a  little  larger 
than  the  gun  to  be  made,  in  order  to  allow  metal 
enough  to  turn  the  outside  smooth.  The  model 
is  generally  of  wood,  and  composed  of  four  or 
five  pieces.  The  first,  Figure  29,  forming  the 
body  of  the  piece,  extends  from  the  chase  ring  to  the 
base  ring.  The  second,  Fig.  20,  forms  what  is 
termed  the  "sprue"  or  "dead-head"  and  extends 
from  the  top  of  the  first  piece  to  the  end  of  the 
model,  which  is  longer  than  is  actually  required  for 
the  gun,  in  order  to  furnish  metal  to  supply  shrink- 
age, and  to  produce  greater  pressure  and  density  in 
the  lower  part  of  the  gun. 

For  reasons  which  will  be  explained  in  discuss- 
ing the  manner  in  which  the  gun  cools,  these  two 
pieces  are  now  made  in  one  at  some  foundries,  the 
upper  part  being  formed  of  one  unbroken  cone,  as 
represented  by  the  broken  line  in  figure  29. 
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Hie  third  piece,  Fig.  30,  forms  the  breech  and  3opircE 
cable  of  the  gun,  having  a  square  projection, 
longer  than  that  necessary  to  form  the  knob,  which 
is  u*ed  in  attaching  machinery  to  give  the  piece  a 
rotary  motion  in  turning  and  boring. 

The  models  for  the  trunnions  and  rimbases  form 
the  4th  and  5th  pieces,  as  represented  in  Fig.  31, 
and  are  connected  with  the  body  of  the  piece  at 
the  proper  place  by  means  of  bolts  passing  through 
■too.        their  axes. 

The  "mould"  is  made  of  hard,  angular,  and  refractory  sand, 
>istencd  with  water  in  which  clay  has  been  stirred,  to  make  it 
■  ■'  ■   '   n,j  adhere  and  retain  the  form  given  to  it.  This 
mould  is  formed  in  a  jacket  or  case  made  of  sheet 
iron  in  four  or  five  different  parts,  each  part  being 
formed  of  several  segments  fastened  together  by 
bolts  and  nuts  passing  through  flanges  on  the 
edges,  and  the  different  parts  are  fastened  together 
in  the  same  way  before  pouring  in  the  metal.    Fig.  32. 

To  form  the  mould,  piece  No.  2,  or,  in  the  case  of  the  improved 
form,  the  body  of  the  model,  is  placed  on  a  plain  surface,  "  sprue 
Lead"  down,  inside  of  the  first  part  of  the  jacket,  and  adjusted  in 

a  vertical  position,  the  axes  of  jacket  and 
model  coinciding,  Fig.  33..  The  moulding- 
sand  is  then  packed  tightly  around  this 
until  the  top  of  the  jacket  is  reached,  when 
it  is  leveled  off,  made  perfectly  smooth  and 
even  with  the  top,  a  £.,and  sprinkled  with 
fine  dry  sand,  to  prevent  the  succeeding 
portion  from  sticking  to  it.  Another  por- 
tion of  the  jacket  is  now  fitted  around  the 
model  on  top  of  the  other  portion,  and  the 
mould  completed  in  the  same  way ;  and  so 
on  until  the  position  for  the  trunnions  is 
reached.  The  end-plates  of  the  trunnion 
jackets  a  are  then  taken  off  as  represented 
Fig.  34 ;  the  trunnion  models  are  run  in 
and  bolted  to  the  body  of  the  model,  and 
the  sand  is  packed  in  around  them  until 
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the  trunnion  jackets  are 
nearly  full,  when  the  bolts 
are  withdrawn,  the  remain- 
ing portion  of  the  trunnion 
jackets  filled  in  even  with 
the  faces,  the  end  plates 
placed  on  and  fastened. 
This  portion  of  the  mould  is 
then  completed  by  filling  in 
sand  from  above  as  before ; 
another  portion  of  the  jack- 
et is  placed  on ;  and  so  on 
till  the  mould  is  finished  ; 
taking  care  to  sprinkle  the 
top  of  each  portion  of  the 
mould  and  the  model  with 
dry  sand,  to  prevent  stick- 
ing between  the  parts. 
The  top  portion,  containing  the  model  and  mould  for  the  breech, 
is  now  taken  off,  and  the  breech  model  removed  ;  the  body  of  the 
model  is  drawn  out,  the  trunnion  bolts  having  already  been  re- 
moved ;  and  when  the  upper  portions  of  the  jacket  are  taken  oflf, 
the  trunnion  models  are  removed  by  hand. 

Such  portions  of  the  mould  as  have  been  broken  are  now  re- 
paired by  hand,  with  instruments  used  for  the  purpose ;  and  the 
whole  interior  covered  with  a  coJcewash  made  of  water  and  pow- 
dered coke,  put  on  with  a  fine  brush,  in  order  to  make  a  smooth 
surface  and  prevent  the  sticking  of  the  metal  to  the  mould.  All  the 
parts  are  then  placed  in  an  oven,  and  baked  hard. 

In  most  of  the  castings  made  in  this  country  the  metal  is 
introduced  at  the  bottom  of  the  mould,  through  a  channel  Fig. 
34)  made  in  the  same  way  and  of  the  same  material  as  the  mould, 
in  order  to  prevent  the  falling  metal  from  injuring  the  form,  and 
also  with  the  idea  that  by  giving  the  entrance  a  position  oblique 
to  the  axis  and  imparting  a  circular  motion  to  the  fluid  iron,  the 
casting  is  more  homogeneous,  and  such  scoria  as  enters  the  mould 
is  kept  in  the  centre  And  rises  to  the  top.  In  some  countries,  how- 
ever, the  metal  is  allowed  to  fall  in  at  the  top,  the  advantage  being 
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claimed  for  this  method  that  by  the  concussion  of  the  falling  metal 
the  formation  of  air-bubbles  is  prevented. 

Sand  is  used  iu  making  the  mould,  because  it  is  considered 
that  in  casting  in  an  iron  mould,  the  metal  cools  too  quickly,  and 
forms  on  the  surface  hard  projections  which  it  is  very  difficult  to 
remove :  but  it  is  contended  that  in  casting  bronze  guns,  the 
metal  of  which  cools  much  more  slowly  than  iron,  the  more  rapid 
cwling  in  iron  moulds  is  advantageous  to  the  strength  of  the 
*mns. 

The  superfluous  metal  in  the  "  dead  "  or  "  sprue  "  head  is  for  the 
purpose  of  making  the  casting  more  dense  by  the  pressure,  and 
to  feed  the  casting,  required  by  shrinkage. 

The  metal  eools  in  layers,  commencing  on  the  outside  of  the 
casting,  and  contracting  as  it  cools  ;  the  fluid  mass  in  the  center 
supplies  the  metal,  causing  a  current  down  from  the  dead-head  to 
till  the  vacancy.  It  is  found  that  the  narrow  part  at  «,  Fig.  29, 
chjIs  ro  fast  as  to  obstruct  the  supply  from  the  dead-head,  and 
the  model  is  now  made  of  an  unbroken  cone,  as  represented  by 
the  dotted  line  in  the  figure,  the  surplus  metal  being  turned  off 
afterwards. 

The  mould,  having  been  baked  hard,  is  put  together  again, 
W>.<h  <lov?iu  in  a  pit,  the  sprue-head  being  a  little  below  the  level 
•  »f  the  point  of  the  furnace  from  which  the  metal  is  to  flow  ;  the 
different  parts  of  the  jacket  being  bolted  firmly  together,  to  pre- 
vent their  separation  when  the  metal  is  poured  in.  A  trough  is 
now  made  from  the  furnace  to  the  top  of  the  mould,  the  valve  of 
tie  furnace  opened,  and  the  metal  run  in,  in  as  short  a  time  as 
jM»«5sible ;  holes  being  left  at  different  heights  to  allow  the  metal  to 
pass  into  the  mould.  As  it  rises  it  is  agitated  with  a  pine  stick, 
and  the  scoria  kept  in  the  middle  to  prevent  its  entering  the 
trunnion-moulds;  which  are  enlarged  slightly  on  top,  so  that  any 
defect  there  may  be  removed  by  the  cutter  when  the  trunnions 
are  turned. 

When  full,  a  quantity  of  charcoal  is  thrown  on  the  top  of  the 
dead-head  to  absorb  gases  and  prevent  oxidation  from  taking 
place  ;  and  the  casting  is  then  left  for  several  days  to  cool. 

ItoRisu  and  Turning. — It  is  then  taken  out  of  the  mould, 
the  sand  cleaned  off,  and  when  perfectly  cooled,  is  taken  to  the 
boring-room  to  be  bored  and  turned.  These  operations  are  per- 
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formed  by  fixing  the  gun  on  a  track,  in  a  horizontal  position, 
supporting  it  near  the  muzzle  by  a  collar  in  which  it  turns,  and 
at  the  breech  by  the  square  projection  in  rear  of  the  cascable  to 
which  the  machinery  is  fastened  to  give  it  the  rotary  motion 
about  its  axis.    Fig.  35,  Plate  0. 

When  accurately  adjusted,  and  the  machinery  put  in  motion, 
a  cutter  is  applied  at  the  proper  position  near  the  muzzle,  and  the 
dead- head  cut  off ;  after  which  the  bore-cutters  are  adjusted  in  the 
prolongation  of  the  axis,  and  pressed  by  means  of  a  weight  and 
system  of  cog-wheels  against  the  gun.  Several  kinds  of  cutters 
have  been  used  ;  but  the  one  now  generally  adopted  consists  of  a 
hollow  cylinder  with  cutters  projecting  from  the  base  sufficiently 
to  cut  out  a  cylinder  somewhat  larger  than  the  one  to  which  the 
cutters  are  attached.  This  allows  the  cutter  cylinder  to  pass 
down  into  the  mouth  of  the  piece,  and  tho  iron  cuttings  to  pass 
out  of  the  gun  along  the  outer  surface  of  the  cylinder.  A  solid 
mass  of  iron  is  thus  left  inside  the  cutter  cylinder,  which  is  broken 
off  by  wedging,  after  the  cutter  has  gone  down  as  far  as  it  can  (be- 
tween two  and  three  feet),  and  been  withdrawn.  The  cutter  is 
then  run  in  again  ;  and  so  on,  until  the  boring  is  finished.  A 
smaller  cylinder  for  the  chamber  in  boring  howitzers,  or  a  cham- 
ber cutter,  is  used  ;  and  tho  whole  bore  is  reamed  out  and  finished 
by  a  standard  reamer  of  the  proper  size. 

While  the  piece  is  being  bored,  cutting  instruments  are  ap- 
plied to  the  exterior,  which  is  turned  down  to  the  proper  size. 
That  portion  of  the  gun  situated  between  the  trunnions  cannot  be 
so  removed  ;  and  is  taken  oil'  in  a  planing  machine,  iti  which  the 
piece  moves  backwards  and  forwards  under  a  cutter.  Such  por- 
tions of  the  surface  as  cannot  be  reached  by  these  two  machines, 
are  removed  by  the  chisel. 

The  piece  is  then  placed  in  the  trunnion-lathe,  where  centers 
arc  pressed  against  the  trunnion  faces  tit  the  proper  points  ;  a  rotary 
motion  is  given  by  machinery  around  this  axis,  and  the  trunnions 
andriuib;iM-s  arc  turned.  Fig.  .'W,  1*1.  o*.  While  in  this  lathe,  the  axis 
of  the  piece  is  placed  at  a  proper  angle  with  the  horizontal,  a  borer 
applied  at  the  proper  point,  leveled,  and  the  vent  bored.  In  bronze 
pieces,  the  gun  is  placed  in  a  proper  position,  and  a  hole  bored 
through  f<»r  the  vent-piece ;  after  which  the  thread  of  a  screw  is  cut 
in  it,  and  the  vent-piece,  made  of  well-hammered  copper  with  a  cor 
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resjK>ndintf  thread  on  it,  screwed  into  its  position,  the  vent  bored 
through  this  as  before,  ami  the  part  of  the  vent-piece  projecting 
.nto  the  bore,  cut  off  by  a  cutter  inserted  in  the  bore. 

The  square  projection  at  the  end  of  the  knob  is  not  removed 
until  after  the  piece  is  inspected,  in  order  to  enable  the  founder  to 
replace  the  piece  in  the  machinery  to  correct  any  irregularities  in 
the  form.  It  is  then  removed  by  boring  small  holes  in  it,  and 
-plittiin/  off  the  metal  with  wedges.  The  piece  is  then  ready  for 
inspection  and  proof. 

For  I.ssmTioN,  the  piece  is  placed  on  skids,  for  the  purpose  of 
•emjr  e«*ily  moved.    It  is  examined  carefully  on  the  exterior  to 

there  are  no  cracks  or  Haws  in  the  metal,  whether  it  is 
riniihed  a>  prescribed,  and  to  judge,  as  far  as  practicable,  of  the 
quality  of  the  metal.  The  gun  must  not  be  covered  with  paint, 
'.Acker,  or  any  other  composition,  before  it  is  inspected.  Any 
attempt  discovered  to  fill  up  tlaws  or  cavities  with  plugs  or  ce- 
ment, causes  the  rejection  of  the  piece  without  further  examina- 
tion. The  exterior  diameters  of  the  piece  are  now  measured  by 
iiicans  of  c<i!lij«r*y  Fig.  .'57,  1*1.  <>,  constructed  for  the  purpose. 
The  lengths  of  the  different  portions  are  also  measured  with  a 
'•■ng  ruU  of  hard  wood. 

A  common  l>«'ku»j-<j!<ts*  is  now  held  so  as  to  reflect  the  sun's 
ray*  into  the  bore,  which  can  be  seen  with  great  dirtinctm-.-s  to 
the  bottom.  In  case  of  the  ab-ence  of  the  sun,  a  short  piece  of 
candle,  Iii»lito»  1  and  placed  on  the  end  of  :i  pole.  i.»  inserted  to  \\  e 
'  -  ttom  of  the  bore. 

Th*:  Skaki'jiek,  Fig.  3*,  1*1.  i>  th.-n  u.-.-d.  This  is  an  in-tru- 
im  ut  for  determining  the  pre.-eiice  of  small  cracks  or  tlaws  in  the 
'■"Tv  not  visible  to  the  eve.  It  consists  of  f,.ur  flat  springs  turned 
t  at  the  eicU  and  sharpened,  the  other  end*  beiijj/  fastened  in  a 
-■cket  info  which  a  handle  is  H-rewed.  The  handle  mcd  with 
thi*  and  se  veral  ojh.-r  of  the  in>j -»-**t in instrument-  is  — 

The  ('vi  iM'}  K  - r a yy,  Fig.       1M.  U,  a  round  staff  of  mahogany 
r  "thcr  hard  w-.-.d,  in  two  part-,  joint  d  t^p  tlu  r  by  bra.-*  soekets 
»i. d  M-rew-i.    The  other  instruments  u-ed  with  thin  staff  are  the 
,lin*i*i-  •/'t4j,/. ,  Y\^.  -I".  1*1.    ,/•!-', l<  }>l<tt>\  Yvj.      1*1.     and  u^-i* 
•*i iH'j  j«n'uf.  Fig.  '•'.»,  IM.     all  of  which  can  be  screwed  on  the  end. 
Ti.«  -Taff  i-»  graduated  in  incle  -  and  tenths,  on  a  ►trip  of  bra&s  let 
r.to  th"  vde.  The  graduation  i-  arranged  to  read  the  distance  from 
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the  end  of  the  mcasuring-p&int,  when  screwed  into  its  place.  The 
searcher  is  about  fifteen  inches  long,  and  the  blades  twelve.  To 
insert  the  instrument  in  the  muzzle  of  a  gun,  the  blades  have  to 
be  pressed  up  together,  and  the  points  then  move  along  the  sur- 
face from  the  stiffness  in  the  blades.  The  searcher  is  pushed 
slowly  to  the  bottom  of  the  bore  and  withdrawn,  turning  it  at  the 
same  time.  If  one  of  the  points  catches,  its  distance  from  the 
muzzle  is  read  from  the  staff,  its  position  in  the  bore  noted  and 
marked  on  the  exterior  of  the  gun.  The  size  and  figure  of  the 
cavity  is  then  determined,  by  taking  an  impression  of  it  in  wax 
placed  on  the  end  of  a  hook. 

To  keep  the  6taff  in  the  axis  of  the  piece  whilst  using  the  dif- 
ferent instruments,  it  is  supported  at  the  muzzle  by  a  half- 
tompion  of  wood,  having  in  the  center  a  groove  to  fit  the  staff. 
The  rest  for  the  star  guage  may  be  also  used  for  this  purpose. 

The  Cylinder  Guage  is  a  hollow  cylinder  of  cast  or  wrought 
iron  turned  to  the  exact  minimum  or  true  diameter  of  the  bore. 
Its  length  is  equal  to  it*  diameter,  and  it  has  at  each  end  cross- 
heads  perpendicular  to  each  other.  In  one  of  the  cross-heads, 
and  in  the  axis  of  the  cylinder,  a  smooth  hole  is  left  of  the  size  of 
the  cylinder  staff.  At  the  other  end  the  hole  is  threaded  for  the 
reception  of  the  end  of  the  cylinder  staff,  on  which  the  guage  is 
now  screwed,  and  this  pushed  slowly  to  the  bottom  of  the  bore. 
It  must  go  all  the  way  down,  or  the  bore  is  too  small ;  but  if  it  goes 
down,  the  bore  may  still  be  too  large,  and  irregular  in  its 
dimensions. 

Star  Guage,  Figs.  41  and  42,  PI.  6. — To  ascertain  this,  a  more 
complicated  and  delicate  instrument  is  used,  called  the  star  guage 
from  the  shape  of  its  head,  which  is  of  brass,  with  four  steel 
sockets,  two  movable  and  two  stationary,  for  the  measuring  pointe. 
There  are  four  measuring  points  for  each  calibre;  and  when 
two  of  these  are  screwed  into  the  fixed  sockets,  the  distance 
between  their  points  is  equal  to  the  true  diameter  of  the  bore. 
The  movable  sockets  rest  against  the  inclined  sides  of  a  slider  or 
wedge  whose  sides  incline  0.35  in.  in  a  length  of  2.2  in.,  so  that 
by  pushing  the  slider  the  35th  part  of  this  distance  (about  0.06 
in.)  the  distance  between  the  two  sockets  or  the  measuring  points, 
if  screwed  into  their  places,  is  increased  .01  in. 

The  slider  is  fastened  to  a  square  steel  rod  consisting  of  three 
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part*,  which  are  screwed  together  according  to  the  length  of  bore 
to  be  measured.  This  rod  passes  through  a  brass  tube  which  is 
also  made  in  three  parts,  and  to  screw  together.  This  tube  is 
graduated  into  inches  and  quarter  inches,  commencing  at  the 
plane  ot*  the  measuring  points,  so  as  to  indicate  the  distance  of 
these  from  the  muzzle  of  the  gun. 

The  handle,  Fig.  42,  PI.  6,  is  of  wood,  attached  to  a  brass  cylin- 
der or  socket  through  which  the  rod  passes  into  the  handle.  The 
^•cket  of  the  handle  slips  over  the  end  of  the  brass  tube  made 
smaller  for  the  purpose,  and  has  a  slit  in  it  allowing  the  brass 
tube  to  be  seen  through.  On  the  side  of  this  slit  a  scale  is  con- 
structed, to  indicate  the  movement  of  the  measuring  points. 
Each  joint  of  the  long  tube  has  a  mark  on  it,  to  show  the  position 
t'or  the  zero  of  the  scale  when  the  instrument  is  properly  adjusted 
i"T  any  particular  calibre.  In  this  position  the  handle  is  fixed  to 
the  eliding  rod  by  means  of  a  screw  clamp. 

A  RrNG  Guage,  or  ring  of  metal,  for  each  calibre,  is  used  for 
adjusting  the  instrument  for  use.  The  handle  is  loosened,  the 
j-roj^r  measuring  points  are  screwed  in,  the  ring  guage  placed 
•n  them,  and  the  slider  pushed  out  until  all  the  points  touch  the 
inner  circumference.  The  zero  of  the  scale  is  then  made  to  coin- 
cide with  the  mark  on  the  tube,  and  the  handle  clamped,  when 
the  instrument  is  ready  for  use. 

A  Rest,  Fig.  43,  PI.  6,  in  the  form  of  a  T,  is  placed  in  the  mouth 

the  gun  to  keep  the  instrument  in  the  axis  of  the  piece.    It  has 

three  sliders  which  can  be  adjusted  on  the  different  limbs,  to  suit 

any  sized  bore. 
» 

Commencing  at  the  muzzle,  the  diameter  of  the  bore  is  mea- 
sured at  intervals  of  a  calibre,  as  far  as  the  trunnions.  From 
'hat  point  t<»  the  *eat  of  the  shot,  a  diameter  is  measured  at  every 
neb,  and  for  every  quarter  of  an  inch,  for  the  rest  of  the  bore. 
No  variations  over  0.03  of  an  inch,  arc  allowed. 

The  Tkunmon  Square,  Fig.  44,  PI.  <»,  consists  of  a  horizontal 
j-itce  of  wood  with  two  perpendicular  limbs  projecting  from  it,  the 
'li-tancc  between  which  is  equal  to  that  between  the  rimhascs  of 
fLe  gun.  The  bottom  edges  of  the  limbs  are  shod  with  iron,  and 
are  in  the  same  plane,  parallel  to  the  upper  edge  of  the  connecting 
piece,  so  that  when  the  square  is  placed  with  its  feet  resting  on 
the  trunnions,  the  upper  edge  of  the  connecting  piece  is  parallel 
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to  their  axis.  At  the  middle  point  of  the  horizontal  piece  a 
pointed  slider  projects  down,  with  a  thumb-screw  to  fasten  it  in 
any  position.  Each  of  the  limbs  has  an  iron  plate  projecting  from 
its  side,  the  lower  edge  of  which  is  perpendicular  to  the  limb.  It 
is  placed  on  top  of  the  trunnions,  whilst  the  edges  of  the  feet 
press  against  the  side  to  determine  whether  the  trunnions  have 
the  same  axis  perpendicular  to  that  of  the  piece. 

To  find  whether  the  axis  of  the  trunnions  is  in  the  same  plane 
with  that  of  the  piece,  the  feet  are  placed  on  the  top  of  the  trun- 
nions, and  their  edges  should  touch  throughout.  The  slider  is 
pushed  down  till  its*  point  touches  the  surface  of  the  gun,  and  is 
then  fastened  with  the  thumb-screw.  Turn  the  gun  over,  and 
apply  the  square  in  the  same  way  to  the  other  side.  If  the  feet 
now  rest  on  the  trunnions,  and  the  pointer  touches  the  surface  of 
the  gun,  the  two  axes  are  in  the  same  plane.  Should  the  point 
of  the  slider  not  touch,  the  axis  of  the  trunnions  is  below  that  of 
the  piece ;  but  should  that  touch  and  the  feet  not,  it  is  above. 
If  the  alignment  of  the  trunnions  be  accurate,  the  edges  of  the 
feet  will  fit  on  them  when  applied  to  different  parts  of  them ;  and 
if  their  axis  is  perpendicular  to  that  of  the  piece,  the  edges  of  the 
feet  will  touch  throughout  the  trunnions  while  the  iron  perpen- 
dicular projection  will  rest  on  the  top  of  them. 

Tkunnion  Guage. — The  size  of  the  trunnions  is  determined  by 
the  trunnion  guage,  which  is  an  iron  ring  which  must  fit  closely 
on  the  trunnion,  its  outside  circumference  being  of  the  same 
diameter  as  the  rimbases,  and  thus  serving  to  verify  them  at  the 
same  time. 

The  Guide  Guage,  Fig.  45,  PI.  6,  is  a  thin  circular  iron  plate  of  the 
minimum  diameter  of  the  bore,  for  directing  the  measuring  point 
to  the  center  of  the  bottom  of  the  bore.  It  has  a  hole  through 
the  center,  with  a  thread  by  which  it  is  screwed  on  to  the  end  of 
the  cylinder  6taff. 

Tire  Measuring  Point,  Fig.  46,  PI.  fl,  is  a  short  pointed  piece 
of  iron,  with  one  end  cylindrical,  and  having  a  socket  into  which 
the  end  of  the  cylinder-staff  is  screwed  after  the  guide-plate  is 
placed  on.  The  scale  on  the  cylinder  staff  is  made  to  commence 
from  the  end  of  this  point. 

To  find  the  length  of  the  bore  push  the  staff,  with  the  guide- 
plate  and  measuring  point  in  their  positions,  to  the  bottom  of 
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the  bore,  resting  the  staff  on  a  half-tompion  or  the  star-guage  rest. 
With  a  straight-edge  against  the  face  of  the  piece,  read  off  the 
length  on  the  staff. 

The  Tkl  nnion  Rule,  Fig.  47,  PI.  6,  is  a  long  graduated  rule, 
having  on  it  a  piece  of  metal  in  the  shape  of  an  L,  one  leg  of  which 
rests  on  top  of  the  trunnion,  while  the  other  rests  against  its  side, 
arid  the  distance  of  the  trunnion  from  the  base-ring  is  read  off 
from  the  staff.  Other  external  dimensions  of  the  piece  are  mea- 
sured by  a  wooden  rule,  or  verified  by  means  of  an  accurately  cut 
profile. 

A  Rammkr-Hkad,  or  simply  a  profile  cut  to  fit  the  bottom  of 
the  bore,  is  used  to  determine  the  point  at  which  the  vent  enters 
the  bore,  by  thrusting  in  a  priming-wire  and  marking  where  it 
makes  an  impassion  on  the  wood.  The  position  of  the  exterior 
orifice  of  the  vent  is  also  verified. 

Tiik  Vkxt  Gtaoes,  Fig.  48,  PI.  6,  are  two  pieces  of  pointed 
rtetrl  wire,  greater  and  less  than  the  true  diameter  of  the  vent  by 
-'*).>  inch.    They  are  used  to  determine  the  size  of  the  vent. 

Tick  Vknt  Searcher,  Fig.  48,  PI.  0,  is  a  hooked  steel  wire 
about  half  the  size  of  the  vent,  used  to  detect  flaws  or  cracks. 

The  dimensions  and  form  of  chambers  are  verified  by  means 
of  forms  cut  from  wood  or  metal.  After  the  powder-proof,  the 
bore  is  washed  and  wiped  clean,  the  bore  and  vent  again  exam- 
ined, and  the  bore  measured.  The  results  of  both  measurements 
and  examinations  arc  noted  on  the  inspection  reports  opposite  the 
number  of  the  gun. 

Fiprure  and  letter  stamps  are  required,  to  affix  the  necessary 
marks. 

Lssi-Ef-noN  of  Brass  Ordnance. — Brass  cannon  arc  measured, 
:inrl  their  dimensions  recorded,  as  prescribed  for  iron  cannon. 
77*.  ,st*ri»i'  form  and  dimensions  are  verified  by  the  application 
of  a  2>r»jiU  cut  out  of  sheet  iron,  of  the  exact  shape  of  a  longitu- 
dinal section  of  the  piece.  All  brass  ordnance,  except  stone  mor- 
tars, should  be  bored  under  size  from  .04  to  .05  inch,  and  after 
proof,  reamed  out  to  the  exact  calibre.  When  the  powder-proof 
is  finished,  the  bore  should  be  cleaned  and  examined ;  the  vent 
-hould  then  be  stopped  with  a  greased  wooden  ping,  the  muzzle 
raised,  and  the  gun  filled  with  water,  to  which  pressure  shall  be 
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applied  to  force  it  into  any  cavities  that  exist ;  or,  the  water 
shall  be  allowed  to  remain  in  the  bore  about  twenty-four  hours. 
The  bore  must  then  be  sponged  dry  and  clean,  and  viewed  with 
the  mirror  or  candle,  to  discover  if  any  water  oozes  from  cracks 
or  cavities,  and  also  if  any  enlargement  has  taken  place.  The 
quantity  of  water  that  runs  out  of  a  crack  or  honey-comb  will  in- 
dicate the  extent  of  the  defect;  and  if  it  exceeds  a  few  drops  the 
gun  should  be  rejected,  although  the  measured  depth  of  the 
cavity  may  not  exceed  the  allowance.  If  the  water  oozes  out 
between  the  vent-piece  and  the  metal  of  the  gun,  a  new  vent- 
piece  must  be  inserted,  and  the  gun  again  proved  with  one 
charge,  and  the  water-proof  repeated.  After  the  bore  has  been 
reamed  out  to  the  proper  size,  its  dimensions  are  again  verified, 
and  an  examination  of  the  bore  and  vent  is  made,  to  detect  any 
defects  which  may  have  been  caused  or  developed  by  the  proof. 
Whitish  fpots  show  a  separation  of  the  tin  from  the  copper,  and, 
if  extensive,  should  condemn  the  piece.  A  f/nat  variation  from 
the  trtu  weight,  which  the  dimensions  do  not  account  fur,  shows 
a  defect  in  the  alloy.  Any  attempt  to  conceal  cavities  by  tilling 
them  with  screws,  or  by  any  other  methods,  should  cause  the 
rejection  of  the  piece. 

Brass  cannon  should  be  rejected  for  the  following  cavities  or 
honev-combs : 

Exterior. — Any  hole  or  cavity  0.25  inch  deep  in  front  of  the 
trunnions,  and  0.2  inch  deep  at  or  behind  the  trunnions. 

Interior. — From  the  muzzle  to  the  reinforce,  any  envitv  0.15 
inch  deep.  Any  cavity  from  the  reinforce  to  the  bottom  of  the 
bore. 

The  specific  gravity  of  the  metal  of  brass  ordnance  should  be 
occasionally  ascertained,  by  taking  that  of  some  of  the  heaviest, 
and  some  of  the  lightest  pieces,  at  each  inspection. 

The  exterior  surfaces  of  all  ordnance  are  turned,  or  dressed 
smooth. 

Proof. — Gunpowder  for  proving  ordnance,  should  be  of  the 
best  quality,  it  *hould  be  proved  immediately  before  being  used, 
unless  it  has  been  proved  within  a  year  before;  and  there  is  no 
reason  to  suppose  it  has  become  damaged. 

The  cartridge-bags  are  made  of  woolen  stuff  or  paper,  the  full 
diameter  of  the  bore  or  chamber.    They  are  filled  by  weight ;  and 
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it*  not  tilled  where  the  proving  takes  place,  each  bag  should  be 
mvtloped  in  a  paper  cylinder  and  cap,  marked  with  the  weight 
and  the  proof  range. 

The  shut  must  be  smooth,  free  from  scams  and  other  inequali- 
ties that  might  injure  the  bore  of  the  piece;  and  they  must  be  of 
tLe  true  diameter  given  in  the  tables. 

The  v*ad#  are  made  of  junk. 

Proof  of  Iron  Ordnance. — Guns  and  howitzers  are  laid  with 
the  muzzle  resting  on  a  block  of  wood,  and  the  breech  on  the 
ground,  or  on  a  thick  plank,  giving  the  bore  a  small  elevation. 

Mortars  are  mounted  on  strong  wooden  frames  or  beds,  at  an 
trlevation  of  45c,  supported  by  the  trunnions. 

In  proving  iron  ordnance,  after  pricking  the  cartridge,  prime 
uitli  powder,  or  a  tube,  and  place  over  the  vent  a  piece  of  port- 
riru  set  in  clay  or  putty,  long  enough  to  permit  the  man  who  tires 
i:  \>j  reach  a  place  of  safety  before  the  charge  explodes. 

Proof  Charges  for  Ikon  Guns. — First  and  Second  Bounds. 
—A  charge  of  powder  equal  to  one  half  of  the  weight  of  the  shot ; 
nro  fchot  and  one  wad. 

Third  Round. — A  charge  of  powder  equal  to  one  third  of  the 
weight  of  the  shot ;  one  shot  and  one  wad. 

•  In  proving  new  guns,  a  compound  shot,  or  a  cylinder  with 
LemiiJpherical  ends,  of  the  true  diameter  of  the  shot,  and  equal  in 
▼eight  to  the  two  6hot,  shall  be  used  instead  of  them. 

The  wad  is  placed  over  the  cylinder  or  the  upper  ball ;  the 
whole  being  well  rammed. 

Should  any  of  the  guns  proved  at  one  time,  fail  to  sustain  the 
above  proof,  the  remainder  shall  be  again  fired  twice  with  a 
charge  of  powder  equal  to  one  half  of  the  weight  of  the  shot,  one 
shot  and  one  wad  ;  and  if,  in  cither  or  both  of  these  trials,  one 
fourth  of  the  whole  number  of  guns  should  fail,  the  whole  shall 
t*  rejected. 

< >ther  iron  ordnance  are  fired  with  the  following  charges  : 

C'UKCUW  — 

— ut  round:  tiO  lb*,  powdvr,  one  1  * » incK  strapped  sin. t,  and  one  wad  ovor 
the  »hot. 

2d  n-and:  *4  U>«.  of  jowdtr,  one  10-inch  ihell  «tr»pp»-d. 
•        — l,t  round  :  12  11*.  of  powder,  «>n<j  8  inch  trapped  shot  and  ont>  wad. 
Ud  r-und:  15  lb#.  of  powder,  onv  8-inch  chcll  strapped. 
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MOWITZCSA. — 

10  inch. — 2  round*,  with  15  Ibis  powder,  one  10-inch  strapped  shot,  and 

one  wad  over  the  shot. 
H-incA.— 2  round*,  with  12  lbs.  of  powder,  one  8-inch  strapped  shot, 
and  one  wad  over  the  shut, 
'   S -inch.— 2  rounds,  with  4  lbs.  of  powder,  one  8-inch  shot,  and  one  wad 
over  the  shot. 

24-jw/r. — 2  rounds,  with  3  lb*,  of  powder,  one  24-pdr.  strapped  shot, 
and  one  wad  over  the  shot. 


Sea  eoatt. 

Siege  and 
Garriton 


Mortars. — 

IS-ineh. — 2  round?,  with  20  lbs.  of  powder,  and  one  la-inch  shot. 
10-»hcA.— 2  round*,  with  10  lba.  of  powder,  and  one  10-inch  shot. 
j  ■  . .       i  10  inch. — 2  rounds,  with   5  lba.  of  powder,  and  one  10-inch  shot. 
"    (    8  inch.— 2  rounds,  with  2j  lbs.  of  powder,  and  one   8  inch  shot. 


Heavy 


Should  any  columbiad,  howitzer,  or  mortar,  fail  to  sustain  the 
above  proof,  the  remainder  of  those  offered  at  the  eamc  time 
shall  be  again  tired  twice  with  the  same  charges ;  and  if,  in 
cither  or  both  of  these  trials,  one  fourth  of  the  whole  number 
should  fail,  the  whole  shall  be  rejected. 

The  Water-Proof,  as  described  for  brass  cannon,  must  also  be 
applied  occasionally  to  iron  cannon,  at  the  discretion  of  the 
inspector. 

The  bore  and  vent,  and  the  exterior  surface  of  every  piece  * 
which  is  approved,  should  he  well  covered  with  sperm  oil  imme- 
diately after  the  inspection. 

Proof  of  Brass  Ordnance.— They  are  mounted  on  appropriate 
carriages  or  beds,  and  tired  three  times ;  guns  and  howitzers  at 
an  elevation  of  5°,  mortars  at  an  elevation  of  45°,  with  the  follow- 
ing charges : 

Fibui  fiixa.— A  charge  of  powder  equal  to  one  third  of  tlie  weight  of  (lie  shot, 
one  shot  and  one  wad. 

HoWITZRUS. — 

(  »2-pdr. — oj  ll>?.  of  |>owder,  one  strapped  -hot  mid  one  wad 
Field  ...  \  24-pdr.— '.ii  ll.#.  of  powder,  one  strapped  shot  and  one  wad 

t  12  pdr.— \  \  lbs.  of  powder,  une  strapped  shot  and  one  w«d. 
Mmtntain.     12  j»lr.—  }  lb.  of  powder,  one  strapped  chol  nod  oue  wad 

Mortars. — Stone  Mortar. — 2$  lbs.  of  powder,  covered  by  a 
wooden  tompion  2  inches  thick ;  a  basket  tilled  with  alternate 
layers  of  stones  and  earth,  weighing  100  lbs. 
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Coehorn,  "24-pdr. — £  lb.  of  powder,  and  one  24-pdr.  shot. 

In  proving  brass  cannon  in  service,  or  after  they  have  been 
bored  t«;  the  proper  calibre,  the  shot  should  be  wrapped  in  cloth 
or  strong  paper  to  save  the  bore  as  much  as  possible  from  in- 
jury. 

Marki.n.,. — All  cannon  are  required  to  be  weighed  and  to  be 
marked,  as  follows,  viz :  the  number  of  the  gun,  and  the  initial* 
of  the  inspector'*  name,  on  the  face  of  the  muzzle ;  the  numbers 
in  a  separate  series  for  each  kind  and  calibre  at  each  foundry  ; 
the  initial  letters  of  the  name  of  the  founder  and  of  the  foundry, 
on  the  end  of  the  right  trunnion ;  the  year  of  fabrication  on  the 
end  of  the  left  trunnion;  the  foundry  number  on  the  end  of  the 
rijrht  rimbase,  above  the  trunnion ;  the  weight  of  the  piece  in 
I'tund*  on  the  base  of  the  breech  ;  the  letters  IT.  S.  on  the  upper 
surface  of  the  piece,  near  the  end  of  the  reinforce. 

The  natural  line  of  sight,  when  the  axis  of  the  trunnions  is 
horizontal,  should  be  marked  on  the  base  ring  and  on  the  swell 
of  the  muzzle,  whilst  the  piece  is  in  the  trunnion  lathe. 

Cannon  rejected  on  inspection  are  marked  X  C,  on  the  face  of 
the  muzzle ;  if  condemned  for  erroneous  dimensions  which  can- 
not be  remedied,  add  X  D ;  if  by  powder-proof,  X  P ;  if  by 
water-proof,  X  W. 

bf juries. — Brass  cannon  are  little  subject  to  external  injury, 
except  from  the  bending  of  the  trunnions  sometimes  after  long 
K-nrice,  or  heavy  charges. 

Internal  injuries  are  caused  by  the  action  of  the  elastic  fluids 
developed  in  the  combustion  of  the  powder,  or  by  the  action  of 
the  shot  in  passing  out  of  the  bore.  These  effects  generally 
increase  with  the  calibre  of  the  piece. 

Of  the  first  kind,  which  exhibit  themselves  in  rear  of  the  shot, 
are :  the  enlargement  of  the  bore  by  the  compression  of  the  metal, 
which  is  seldom  a  serious  defect ;  corrosion  of  metal,  particularly 
»t  the  angles,  such  as  the  inner  orifice  of  the  vent,  or  the  mouth 
of  a  cylindrical  chamber ;  cracks,  from  the  yielding  of  the  cohe- 
sion of  the  metal ;  cavitic*,  cracks  enlarged  by  the  action  of  the 
n&.  and  by  the  melting  of  the  metal,  observable  especially  in 
the  upper  surface  of  the  bore. 

Injuries  of  the  second  kind,  which  appear  in  front  of  the 
charge,  are :  the  lodgment  of  th<  *hot,  a  compression  of  the  metal 
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on  the  lower  side  of  the  bore,  at  the  seat  of  the  shot,  caused  bv 
the  pressure  of  the  fluid  in  escaping  over  the  top  of  the  shot. 
There  is  a  corresponding  burr  in  front  of  the  lodgment ;  and  the 
motion  thereby  given  to  the  shot  causes  it  to  strike  alternately  on 
the  top  and  bottom  of  the  bore,  producing  other  enlargements, 
generally  three  in  number ;  the  first,  on  the  upper  side,  a  little  in 
advance  of  the  trunnions ;  the  second,  on  the  lower  6ide,  about 
the  astragal ;  the  third,  in  the  upper  part  of  the  muzzle* 
It  is  chiefly  from  this  cause  that  brass  guns  become  unserviceable  ; 
the  extent  of  the  injur}-  varies  according  to  the  length  of  the  bore. 
Scratc/tes,  caused  by  the  fragments  of  a  broken  6hot,  or  the  rough- 
ness of  an  imperfect  one.  Enlargement  of  the  muzzle,  by  the 
striking  of  the  shot  in  leaving  the  bore.  Exterior  crack*,  or  lon- 
gitudinal splits,  caused  by  too  great  a  compression  of  the  metal  on 
the  interior. 

The  durability  of  brass  cannon  may  be  much  increased  by 
careful  use,  and  by  the  precautions  of  increasing  the  length  of  the 
cartridge,  or  that  of  the  sabot,  or  using  a  wad  oi\r  the  cartridge 
in  order  to  change  the  place  of  the  shot ;  by  wrapping  the  shot  in 
woolen  or  other  cloth,  or  in  paper,  so  as  to  diminish  the  windage 
and  the  bounding  of  the  shot  in  the  bore.  In  field  gunsy  the 
paper  cap  which  is  taken  off  from  the  cartridge  should  always 
be  put  over  the  shot. 

Iron  cannon  are  subject  to  the  above  defects  in  a  less  degree 
than  brass,  except  the  corrosion  of  the  metal,  by  which  the  vent 
especially  is  rendered  unserviceable  from  enlargement.  The  prin- 
cipal cause  of  injury  to  iron  cannon  is  the  rutting  of  the  metal, 
producing  a  roughness  and  enlargement  of  the  bore,  and  an 
increase  of  any  cavities  or  honey-combs  which  may  exist  in  the 
metal. 

Iron  has  no  elasticity,  and  less  tenacity  than  bronze  when  sub- 
jected in  guns  to  the  violent  shocks  of  gunpowder;  it  does  not  yield 
like  bronze,  but  losing  gradually  its  cohesion,  finally  bursts  at 
the  brcecli  suddenly  and  without  any  external  indication  of  the 


•  T1m'*J  rWks  are  sometime*  *i  vi.-Uut  u«  to  It.  ak  the  projectile,  the  frnirtumt- 
of  which  form  furrows  and  ridge*  which  pro  von  t  the  introduction  of  tin'  -hot  after 
wurdc.    Bronte  pieoe«,  after  loni:  u«t»,  -how  ih«-£e  indentation*  »t  the  mouth,  and 
beeom«'  th'-n  altogether  inaccurate  in  their  fitv.     Tiny  ultimately  fail  in  the 
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•Janger ;  the  fracture  generally  passing  through  the  vent.  Iron 
guns  are  more  injured  by  exposure  to  the  weather  than  bronze. 

It  is  considered  that  after  120Q  rounds  iron  guns  are  not  safe  ; 
but  bronze  guns  have  been  fired  as  high  as  2400  times  without 
failing.  An  important  discovery  was  made  by  Gen.  Piobert,  by 
which  the  strain  on  guns  was  reduced,  and  their  durability  con- 
sequently increased.  This  consists  in  reducing  the  diameter  of 
the  cartridge,  which,  giving  a  greater  lengtli  of  bore  between  the 
bottom  and  the  projectile,  allows  more  room  for  the  gas  to  ex- 
pand :  and  a  part  of  the  force  which  was  before  exerted  on  the 
piece  is  transferred  to  the  projectile,  giving  an  increased  velocity. 
This  di*c«>very  is  of  the  more  importance,  from  the  fact  that  guns 
under  some  circumstances  have  been  rendered  unserviceable  after 

fiitv  shots. 
♦ 

The  injuries  to  mortars  and  howitzers,  progress  more  slowly 
than  in  guns.  The  trunnions  in  mortars  arc  sometimes  bent  from 
usinsr  heavy  charges. 

The  service  to  which  an  iron  cannon  has  been  subjected  may 
generally  be  determined  by  the  appearance  of  the  vent. 

Shkinu  and  Unspiking  Cannon,  and  Rendering  them  Un- 
*tsvirEABLE. — To  spike  a  piece,  or  to  render  it  unserviceable, 
drive  into  the  vent  a  jagged  and  hardened  steel  spike  with  a  soft 
punt,  «.»r  a  nail  without  a  head;  break  it  off  flush  with  the  outer 
surface,  and  clinch  the  point  inside  by  means  of  the  rammer. 
Wedge  a  shot  in  the  bottom  of  the  bore  by  wrapping  it  with  felt, 
or  by  means  of  iron  wedges,  using  the  rammer  or  a  bar  of  iron  to 
'irivc  them  in ;  a  wooden  wedge  would  be  easily  burnt  by  means 
of  a  charcoal  fire  lighted  with  the  aid  of  a  bellows.  Cause  shells 
to  bur^t  in  the  bore  of  brass  guns  ;  or  fire  broken  shot  from  them 
wiili  high  charges.  Fill  a  piece  with  sand,  over  the  charge,  to 
bur->t  it.  Fire  a  piece  against  another,  muzzle  to  muzzle,  or  the 
muzzle  of  one  to  the  chase  of  the  other.  Light  a  fire  under  the 
chase  of  a  brass  gun,  and  strike  on  it  with  a  sledge  to  bend  it. 
Break  uff  the  trunnions  of  iron  guns ;  or  burst  them  by  firing 
them  with  heavy  charges  and  full  of  shot,  at  a  high  elevation. 

When  guns  are  to  be  spiked  temporarily,  and  are  likely  to  be 
retaken,  a  *primj  tpih:  is  used/having  a  shoulder  to  prevent  its 
Ving  too  easily  extracted. 

To  un*pik*  a  piece :— If  the  spike  is  not  screwed  in  or  clinched, 


Digitized  by  Google 


86 


ARTILLERY. 


and  the  bore  is  not  impeded,  put  in  a. charge  of  powder  of  -J  the 
weight  of  the  shot,  and  rani  junk  wads  over  it  with  a  handspike, 
laying  on  the  bottom  of  the  bore  a  strip  of  wood  with  a  groove 
on  the  under  side  containing  a  strand  of  quick-match  by  which 
fire  is  communicated  to  the  charge ;  in  a  brass  gun,  take  out  some 
of  the  metal  at  the  upper  oritice  of  the  vent,  and  pour  sulphuric 
acid  into  the  groove  for  some  hours  before  firing.  If  this  method, 
several  times  repeated,  is  not  successful,  unscrew  the  vent  piece, 
if  it  be  a  brass  gun,  and  if  an  iron  one,  drill  out  the  spike,  or  drill 
a  new  vent. 

To  drive  out  a  shot  wedged  in  the  bore : — Unscrew  the  vent 
piece,  if  there  be  one,  and  drive  in  wedges  go  as  to  start  the  shot 
forward,  then  ram  it  back  again  in  order  to  seize  the  wedge  with 
a  hook;  or  pour  in  powder,  and  fire  it  after  replacing  the  vent 
piece.  In  the  last  resort,  bore  a  hole  in  the  bottom  of  the  breech, 
drive  out  the  shot,  and  stop  the  hole  with  a  screw. 

Preservation  of  Ordnance. — Cannon  should  be  placed 
together,  according  to  kind  and  calibre,  on  skids  of  stone,  iron, 
or  wood,  laid  on  hard  ground,  well  rammed  and  covered  with 
a  layer  of  cinders,  or  of  some  other  material,  to  prevent  vege- 
tation. 

Guns  and  long  howitzers. — The  pieces  should  rest  on  the  skids 
in  front  of  the  base  ring  and  in  rear  of  the  astragal ;  the  axis  in- 
clined at  an  angleof  four  or  five  degrees  with  the  horizon,  the  muzzle 
lowest ;  the  trunnions  touching  each  other ;  or  if  space  is  wanting 
for  that  arrangement,  the  trunnion  of  one  piece  may  rest  on  the 
adjoining  pioce,  so  that  the  axes  of  the  trunnions  is  inclined  about 
45 J  with  a  horizontal  line  ;  the  vent  down,  stopped  with  a  greased 
wooden  plug,  or  with  putty  or  tallow.  If  circumstances  require 
it,  the  pieces  may  be  piled  in  two  tiers,  with  skidding  placed  be- 
tween them,  exactly  over  those  which  rest  on  the  ground ;  the 
muzzles  of  both  tiers  in  the  same  direction  and  their  axes  pre- 
serving the  same  inclination. 

Short  howitzers  and  mortars.— On  thick  planks,  standing  on 
their  muzzles,  the  trunnions  touching,  the  vents  stopped. 

Iron  ordnance  should  be  covered  on  the  exterior  with  a  lacker 
impervious  to  water,  the  bore  and  the  vent  should  be  greased  with 
a  mixture  of  oil  and  tallow,  or  of  tallow  and  beeswax  melted 
together  and  boiled  to  expel  the  water.    The  lacker  should  be 
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renewed  as  often  as  requisite,  and  the  grease  at  least  once  every 
jear. 

The  lacker  and  grease  should  be  applied  in  hot  weather,  in  order 
to  enter  the  pores  of  the  metal. 

The  cannon  should  be  frequently  inspected,  to  see  that  the 
iLoisturc  does  not  collect  in  the  bore. 

In  England,  France,  Belgium,  and  Sweden,  howitzers  and 
mortars  take  their  denominations,  as  with  us,  from  the  diameter 
of  the  bore,  or  from  the  calibre  of  a  gun  of  corresponding  bore ; 
in  Austria  and  Prussia,  from  the  weight  of  a  stone  ball  of  the 
calibre  of  the  bore ;  in  Russia,  from  the  true  weight  of  the 
fhell. 
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CHAPTER  III. 


FORM  OF  CANNON,  MATERIALS,  &c. 

Allusion  has  been  made  to  the  defects  in  the  form  given  to 
cannon,  which  will  now  be  treated  of. 

The  ancient  method  of  forming  guns  from  a  number  of  pieces, 
and  hooping  them  together,  after  the  fashion  of  a  barrel,  no  doubt 
gave  rise  to  the  use  of  hands  and  mouldings  on  the  exterior,  with 
an  idea  that  they  were  strengthening  the  piece.  Latterly,  these 
have  been  modified  in  order  to  produce  a  certain  finish  in  the 
appearance  of  the  piece,  it  being  presumed  that  even  if  they  did 
no  good,  they  certainly  could  be  prodnctive  of  no  harm.  We  will 
try  to  prove  that  this  is  altogether  a  mistake,  and  that  these  hand*, 
mwddings,  «fcc,  are  actually  the  cause  of  weakness  to  the  gun. 

Fracture. — In  Robert  Mallet's  work  "  On  the  Construction  of 
Artillery,"  many  important  facts  bearing  upon  this  subject,  are 
laid  down ;  and  among  the  rest  is  the  general  direction  and 
course  of  the  lines  of  fracture  in  cast-iron  guns  which  have  burst 
under  fire.  It  is  generally  laid  down  that  such  grins  burst  through 
the  vent,  that  being  a  weak  or  starting  point  for  the  action  of  the 
powder.  From  there  the  line  of  fracture  passes  along  the  axis  to 
the  front  of  the  trunnions,  where  it  turns  off  to  the  right  or  left, 
or  both,  leaving  the  rest  of  the  chase  entire.  That  this  is  by  no 
means  always  the  case  it  is  not  necessary  to  state ;  but  the  heavy 
dotted  lines  in  figures  49  and  50  will  show  the  most  usual 
course  for  the  fracture.  The  eye  is  supposed  to  be  above  the  gun, 
placed  vent  upward. 


Fig.  49. 
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On  examining  a  burst  piece,  the  dividing  plane  in  the  direc- 
tion of  the  axis  will  be  found  suddenly  curved  on  one  or  other  of  the 
sides  near  the  exterior  of  the  gun,  as  shown  in  section  in  Fig.  51, 
PI.  7 ;  showing  that  the  fracture  commenced  at  one  side,  sy  oppo- 
site the  inflected  portion,  and  spread  from  that,  the  parts  dividing 
and  turning  from  each  other  upon  the  point  of  inflection  at/. 

Fracture,  therefore,  appears  to  commence  at  the  interior,  rend- 
ing the  metal  apart  from  within  to  without,  a  result  agreeing 
with  mathematical  investigations,  since  the  metal  must  yield  first 
where  the  pressure  per  square  inch  is  greatest  upon  its  resisting 
unit  of  section,  and  this  is  on  the  interior. 

Plaxes  of  "Weakness.— The  planes  of  fracture  follow  the 
track,  with  almost  unerring  precision,  of  all  re-entering  angles  on 
the  exterior  of  the  gun.  Thus,  although  the  longitudinal  fracture 
often  passes  through  the  vent,  it  more  frequently  passes  along  the 
re-entering  angle  formed  by  the  lock-piece  with  the  gun ;  whilst  the 
transverse  fractures  follow  the  edges  of  the  base-ring  and  reinforce 
mouldings,  and  those  near  the  trunnions,  the  re-entering  angles 
formed  by  these  with  the  body  of  the  piece.  These  general  direc- 
tions of  the  fracture  cannot  be  the  result  of  accident ;  there  must 
be  some  cause  to  place  the  fracture  there  in  preference  to  other 
;»arts  of  the  gun. 

Mallet  gays.  **  It  is  a  law  (though  one  I  do  not  find  noticed  by 
writers  on  physics)  of  the  molecular  aggregation  of  crystalline 
solid.*,  that  when  their  particles  consolidate  under  the  influence  of 
beat  in  motion,  their  crystals  arrange  and  group  themselves 
with  their  principal  axes  in  lines  perpendicular  to  the  cooling  or 
heating  surfaces  of  the  solid, — that  is,  in  the  lines  of  direction  of 
the  heat-wave  in  motion,  which  is  the  direction  of  least  pressure 
within  the  mass  ;  and  this  is  true  whether  in  the  case  of  heat 
}*i*j*in<j  fntm  a  previously  fused  solid  in  the  act  of  cooling  and 
crystallizing  on  consolidation,  or  of  a  solid  not  having  a  crystal- 
line- structure,  but  capable  of  assuming  one  upon  its  temperature 
''•eiiig  sufficiently  raised  by  heat  applied  to  its  external  surfaces, 
and  ^»  j*a4*tny  into  it. 

If  one  of  these  crystalline  bodies  be  cast  in  the  form,  say  of  an 
ingot,  and  "  broken  when  cold,  the  principal  axes  of  the  crystals 
will  always  be  found  arranged  in  lines  perpendicular  to  the 

bounding  plane6  of  the  mass;  that  is  to  say,  in  the  lines  of  direc- 
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tion  in  which  the  wave  of  heat  has  passed  outwards  from  the  mass- 
in  the  act  of  consolidation." 

The  same  effect  is  produced  by  applying  heat  far  below  that 
of  fusion,  to  the  surface  of  solids  of  similar  substances. 

If  a  cylinder  of  lead  four  or  five  inches  long,  and  as  manv  in 
diameter,  be  cast  around  a  cylindrical  bar  of  iron  one  and  a  half 
inches  in  diameter,  and  two  or  three  feet  long,  the  lead,  cooling 
rapidly  in  contact  with  the  cold  iron,  will  have  a  perfectly  homo- 
geneous structure,  entirely  devoid  of  crystals.  If  the  end  of  the 
iron  bar  be  now  placed  in  a  furnace  and  heated  red  hot,  and  time 
be  allowed  for  the  heat  to  pass  along  the  bar  and  into  the  lead 
until  the  temperature  is  raised  to  about  550°  Fahr.,  it  will,  when 
struck  several  blows  with  a  hammer,  all  fall  to  pieces,  and  show 
a  complete  crystalline  structure  with  the  principal  axes  of  the 
crystals  radiating  from  the  center  of  the  cylinder.  Sec  Fig.  52. 
PL  7. 

If  a  flat,  thick  piece  of  malleable  or  rolled  zinc  which,  if  not 
homogeneous,  has  its  fibres  lying  in  the  plane  of  the  plate,  be 
laid  flat  upon  a  cast-iron  plate,  heated  to  within  a  few  degrees  of 
the  melting-point  of  the  zinc,  it  very  soon  becomes  crystalline, 
the  axes  of  the  crystals  being  now  all  arranged  perpendicular  to 
the  sides  of  the  plate  ;  the  planes  of  internal  structure  being  act- 
ually turned  round  180°. 

Any  one  who  has  ever  remarked  upon  the  formation  and 
melting  of  ice,  will  have  seen  the  same  principles  exemplified  on 
a  grander  scale.  The  little  sharp  crystals,  as  they  form,  are  lying 
flat  upon  the  surface  of  the  water.  When,  in  the  spring,  the  ice 
becomes  rotten  from  the  heat  it  has  absorbed  from  the  water 
beneath  and  the  air  on  top,  these  crystals  will  all  be  found 
arranged  vertically,  and  are  easily  pushed  through  by  the  weight 
of  the  foot  or  a  stick.  Large  floating  cakes  of  ice  have  been 
known  to  disappear  on  being  struck  by  a  vessel,  or  on  striking 
the  shore,  called  sometimes  the  sinking  of  the  ice.  The  shock 
destroys  the  little  cohesion  remaining  between  the  crystals,  and 
the  whole  mass  falls  apart. 

Cast  iron  is  one  of  the  substances  which,  in  cooling,  obevs 
more  or  less  perfectly  this  law,  60  that  it  may  be  laid  down  as  a 
fact,  that  the  crystals  of  an  iron  casting  arrange  themselves  per- 
pendicularly to  the  exterior  surfaces.   The  crystals  being  small, 
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this  arrangement  is  not  very  apparent  to  the  eye.  Their  devel- 
opment depends  upon  the  character  of  the  iron  and  the  size  of  the 
casting ;  the  largest  casting  presenting  the  largest  and  coarsest 
aggregation  of  crystals,  but  not  the  most  regular  arrangement  of 
them,  wliich  depends  upon  the  rate  at  which  the  mass  is  cooled, 
and  the  regularity  with  which  heat  has  been  carried  off  by  con- 
duction from  its  surfaces  to  the  surrounding  mould.  Hence,  in 
casting  by  what  is  called  the  "  chilling  "  process,  where  the  mould 
i&  cold,  thick  iron,  whose  high  conducting  power  carries  off  the 
heat  rapidly,  the  most  complete  crystalline  structure  occurs  per- 
pendicular to  the  chilled  surface. 

The  arrangement  of  the  crystals  in  castings  of  different  forms, 
can  be  better  seen  by  referring  to  the  figures  which  represent  sec- 
tions of  the  different  forms. 

Fig.  53,  PI.  7,  is  a  section  of  a  round  bar  where  the  crystals 
all  radiate  from  the  center. 

In  the  square  bar,  Fig.  54,  they  arc  arranged  perpendicular 
to  the  four  side6,  and  hence  in  the  diagonals  of  the  square,  the 
terminal  planes  of  the  crystals  abut  or  interlock;  along  these 
line*  the  cry6talization  is  always  confused  and  irregular. 

In  the  flat  bar,  Fig.  55,  the  crystals  are  arranged  as  in  the 
*quare,  with  an  extension  in  one  direction. 

In  Fig.  52  is  6hown  the  arrangement  in  a  hollow  cylinder. 

Fig.  56  represents  a  portion  of  the  closed  end  of  the  cylinder 
ot  an  hydraulic  press  which  broke  under  a  great  pre66ure,  the 
end  of  the  cylinder  coming  out  in  the  form  of  a  flat  fru6trum  of  a 
cone,  showing  that  the  planes  where  the  crystals  perpendicular 
itf  the  different  surfaces  join  confusedly  together,  are  planes  of 
along  which  the  cohesion  of  the  metal  is  less  than  in 
any  other  part. 

In  consequence  of  the  failure  of  this  cylinder,  the  form  was 
'  hanged  to  that  represented  in  Fig.  57,  where  the  direction  of  the 
trytitahj,  changing  gradually,  formed  no  planes  of  weakness  ;  and 
tLU  ttood  the  pressure  without  breaking.  The  similarity  of  these 
forms  to  the  breeches  of  guns  will  be  readily  recognized. 

Fig*.  5S  and  59  are  sections  of  different  re-entering  angles 
''•and  on  pins  as  now  cast;  and  show  the  planes  of  weakness 
resulting  therefrom.  Fig.  5S  is  through  the  lock-piece ;  Fig.  59, 
trough  a  trunnion;  and  Fig.  CO,  through  a  reinforce  band,  or 
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chase-ring ;  and  all  show  planes  of  weakness  to  exist  exactly 
where  the  planes  of  fracture  pass  in  burst  guns,  as  will  be  seen  by 
referring  back  to  Figs.  49  and  50.  "  The  conclusion,  therefore, 
seems  inevitable,  that  however  incapable  the  unaided  eye  may  be 
to  discern  any  difference  in  the  crystalline  arrangement  of  one 
part  of  the  gun  more  than  another,  such  planes  of  weakness  do 
exist,  in  the  positions,  and  from  the  causes  here  pointed  out." 

It  follows,  then,  that  in  casting  our  guns,  all  suddtn  changes 
\n  the  direction  of  the  surface  should  be  avoided ;  that  all  unne- 
cessary projections,  such  as  the  chase  and  base  rings,  reinforce 
bands,  mouldings  and  muzzle  bauds,  should  be  dispensed  with ; 
and  that  the  piece  when  finished  should  present  as  unbroken 
a  surface  as  possible,  and  with  a  rounding  (if  possible  spher- 
ical) breech ;  so  as  to  avoid  the  great  planes  of  weakness  now 
formed  there,  which  there  is  little  doubt  were  the  cause  of  the 
great  number  of  failures  among  the  columbiads  of  the  old  pat- 
tern. With  such  a  form  it  is  worse  than  useless  to  add  mon 
metal.  The  defect  increases  with  the  size  of  the  casting,  and  the 
strength  gained  is  not  enough  to  compensate  for  the  increased 
weight.  This  fact  is  beginning  to  be  appreciated  in  our  service : 
for  very  great  changes  have  been  made  in  the  new  columbiads,  by 
omitting  the  chase  and  base  rings,  rounding  off  the  breech,  and 
reducing  the  swell  of  the  muzzle.  The  rounding  of  the  breech 
lias  not  yet  been  earned  sufficiently  far,  probably  on  account  of 
its  interfering  with  the  elevating  notches  ;  though  these  have  not 
as  yet  been  placed  on  the  new  pieces.  This,  however,  can  be  no 
serious  objection,  since  if  once  the  rtroixyttt  form  is  obtained, 
mechanical  ingenuity  will  very  soon  invent  a  means  of  maneu- 
vering the  piece. 

It  may  be  objected  that  these  bands,  ornaments,  &c,  are  not 
cast  on  the  piece,  but  turned  from  it  after  the  casting  is  cool,  and 
can  therefore  have  no  effect  upon  the  arrangement  of  the  crystal. 
Not  certainly  at  first ;  but  it  must  be  remembered,  that  the  Un- 
quoted applies  as  well  to  the  body  when  receiving  heat  as  when 
giving  it  off;  and  that  after  a  gun  becomes  heated  by  repeated 
firing,  the  heat,  having  passed  through  from  the  inner  to  the  outer 
surface,  has  produced  its  effect  upon  the  crystals,  and  arranged 
them  normal  to  the  surface.-  bv  which  the  heat  croes  out.  Hence, 
old  guns  which  have  been  a  great  deal  used  take  a  crystalline 
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f.»nn,  and  lire  liable  to  fall  to  pieces  at  any  time  from  the  shock 
«-t  gunpowder,  a  fact  not  often  appreciated  until  too  late  at  our 
{-opnlar  4th  of  July  and  other  celebrations. 

This  is  by  far  the  most  satisfactory  way  of  accounting  for  the 
weakness  and  bursting  of  old  guns.  Cast-iron  guns  have  not  the 
tenacity  of  bronze,  which  commence  splitting  long  before  they 
burnt.  But  the  change  gradually  takes  place  in  the  metal,  and 
when,  after  long  use  the  shock  becomes  too  great  to  be  borne,  the 
mass  flics  apart  like  a  hnge  cake  of  ice  in  the  spring,  which  in  the 
winter,  before  its  crystalline  structure  was  upstt,  was  capable  of 
-upj»orting  thousands  of  tuns. 

In  toting  colnmbiads  within  late  years,  it  has  been  found  that 
it  it  almost  impossible  to  make  them  strong  enough  to  withstand 
The  proper  number  of  charges,  notwithstanding  that  the  very  first 
quality  of  iron  was  used,  and  one  which,  as  a  metal,  had  borne 
the  very  highest  trials  for  tenacity  and  strength.  After  attribu- 
ting the  failures  to  quick  powder,  and  various  other  reasons,  the 
exi-cdient  of  chancing  the  form  of  the  piece  has  been  finally  re- 
tried to.  and  it  is  to  be  expected  with  very  beneficial  results. 
The*c  trials  generally  take  place  as  soon  as  a  gun  is  finished.  lint 
it  is  more  than  probable  that  if  left  for  years  (during  which  time 
a  constant  change  is  going  on  in  the  structure  of  the  gun),  the 
metal  would  assume  a  permanent  state  or  *tt ;  just  as  a  wagon 
U.w  does,  the  fibres  of  which,  after  a  time,  accustom  themselves 
to  the  new  direction,  which  then  becomes  the  natural  one. 

In  ca>ting  guns,  M.me  parts  which  are  smaller  than  others, 
will  ''«-»l  the  fastest,  fonnimr  strains  in  the  piece  which  are  liable 
to  act  injuriously.  Thus,  for  instance,  the  neck  of  a  piece  will 
<  i-'l  much  before  the  body,  thus  cutting  ofF  the  supply  of  liquid 
metal  from  the  dead  head  :  and  a  vacant  space  or  cellular  portion 
of  metal  is  left  in  the  interior  of  the  gun,  having  very  little  tena- 
city. On  this  account  the  models  for  gun*  an*  not  now  made  so 
•loping  towards  the  muzzle,  but  approach  more  nearly  a  cylinder 
:n  *h*|*\  and  the  gun  is  afterwards  turned  down  by  machinery. 
Thin  is  found  to  render  the  piece  very  much  stronger. 

The  exterior  of  course  cools  first,  and  successive  layers  become 
Solidified  and  c<m  tract  until  the  centre  is  reached,  the  particles  of 
liquid  metal  being  drawn  out  towards  the  cooling  surface*.  The 
tendency  of  this  is  to  pp-lu«  e  a  state  of  internal  tension  in  the 
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molecules  of  the  metal,  tearing  away  the  external  portions 
from  the  internal  nucleus,  and  producing  along  the  axis  a  line  of 
weakness,  where  the  metal  is  soft,  porous,  and  with  coarse  and 
separated  crystals,  leaving,  in  spite  of  the  constant  feed  of  liquid 
metal  through  the  dead-head,  actual  cavities  in  the  centre  of  the 
casting. 

Fortunately,  in  pieces  of  artillery  this  portion  is  nearly  all 
bored  out ;  but  where  the  boring  does  not  extend  well  back  to  the 
exterior  of  the  breech,  a  portion  of  this  soft  spongy  mass  remains, 
forming  the  bottom  of  the  bore.  This  is  more  especially  the  case 
in  very  large  mortars ;  and  the  defect  increases,  of  course,  as  the 
mass  of  the  casting  becomes  larger.  Figure  61,  PI.  7,  represents 
a  large  mortar  with  the  dead-head  still  on,  and  the  bore  marked 
out  in  black  lines.  The  weak  point  is  evidently  at  the  bottom  of 
the  chamber. 

A  remarkable  exemplification  of  this  weakness  was  exhibited 
in  the  English  mortars  (13-in.)  used  in  the  bombardment  of  Swea- 
borg  during  the  last  war  with  Russia.  Three  of  these  mortars 
burst  after  firing  from  100  to  300  rounds.  They  split  into  two 
almost  equal  halves,  in  a  plane  passing  through  the  axis  and  vent, 
and  exhibited  no  defect  or  injury  except  just  at  the  bottom  of  the 
chamber,  where  "  a  small,  irregular  cavity  was  found,  with  jagged 
sides  and  bottom,  as  though  burrowed  into  by  some  corroding 
agent."  The  metal  of  which  they  were  made  appears  to  have 
been  of  a  very  indifferent  quality,  but  pieces  taken  out  near  the 
muzzle,  inside  the  bore,  showed  a  mixed  metal  of  the  very  coarsest 
kind ;  and  could  the  part  bored  out  have  been  examined,  it  would 
no  doubt  have  shown  a  much  worse  texture.  Most  of  the  other 
mortars  showed  similar  defects. 

Hollow  Casting. — To  avoid  these  defects,  it  has  been  proposed 
to  cast  guns,  more  particularly  heavy  mortars,  hollow,  or  on  a 
core,  and  in  this  way  to  have  in  cooling  a  hollow  cylinder,  which 
we  have  shown  to  be  the  strongest  form.  The  piece  may  be  cast 
on  a  core  placed  in  the  centre  of  the  mould,  just  as  a  6hell  is  cast. 

Capt.  Rodman,  of  the  ordnance  department,  has  for  6ome  time 
been  making  experiments  on  a  plan  of  his  for  casting  guns  hol- 
low, which  promises  very  important  results. 

A  core  is  formed  on  a  water-tight  cast-iron  tube,  closed  at  the 
lower  end.    By  means  of  an  interior  tube  in  the  center  of  the 
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other,  and  open  at  the  lower  end,  a  stream  of  water  is  conducted 
to  the  bottom  of  the  larger  tube,  and  rising  through  the  circular 
*pace  between  the  two,  flows  out  at  the  top.  A  fire  is  built 
around  the  jacket  at  the  bottom  of  the  casting  pit,  and  the  gun- 
ruould  kept  at  nearly  red  heat.  Twenty-five  hours  after  casting, 
the  core  is  withdrawn,  and  the  flow  of  water  continued  through 
the  space  left  by  it  for  forty  hours  longer. 

The  amount  of  water  used  is  about  fifty  times  the  weight  of 
the  casting,  and  the  heat  imparted  to  the  water,  and  carried  off" 
by  it,  is  equal  to  60°  on  the  whole  quantity  used.  This  is  m  cast- 
ing an  S-inch  columbiad.  For  larger  pieces,  the  amount  of  water 
and  time  of  cooling  are  greater. 

All  the  guns  cast  in  this  way  present  a  marked  superiority 
in  endurance,  over  those  cast  solid  in  the  ordinary  way  ;  and  the 
Mneh  columbiad  mentioned  above,  sustained  1,500  rounds,  in- 
cluding proof  charges,  without  bursting ;  whilst  another  of  the 
same  calibre,  cast  solid,  from  the  same  metal,  at  the  same  time, 
and  under  precisely  the  same  circumstances,  failed  at  the  seventy- 
third  round. 

In  the  ordinary  method  of  casting,  all  the  cooling  takes  place 
<»n  the  outside.  The  temperature  of  the  metal  being  much  above 
the  melting  point,  cools  down  until  the  exterior  surface  reaches 
the  freezing  point,  when  a  thin  layer  is  formed  by  congelation  on 
the  exterior,  inclosing  within  it  the  liquid  metal. 

Another  layer  is  now  formed  within  this  and  upon  it,  and  in 
the  meantime  the  first  layer  loses  a  portion  of  its  heat,  and  its 
temjKfrature  falls  below  the  freezing  point  and  below  that  of  the 
next  layer.  Next,  a  third  layer  is  formed,  and  so  on  until  the 
whole  becomes  solid ;  at  which  time,  if  we  suppose  the  outside 
layer  to  have  arrived  at  the  temperature  of  the  surrounding 
belies,  the  difference  between  its  temperature  and  the  center  of 
the  casting  will  be  about  2700°. 

The  outside  layer  has  now  ceased  to  contract,  whilst  the  inte- 
rior ones  arc  just  beginning ;  and  the  effect  of  such  a  contraction 
must  be  to  effect  a  very  injurious  strain  upon  the  exterior,  and 
on  the  interior  to  form  a  very  porous,  weak  metal,  especially  if 
the-  supply  of  liquid  metal  is  cut  off,  as  in  the  case  of  casting  guns 
with  a  narrow  part  at  the  neck. 

The  case  supposed  where  the  difference  between  the  tempera- 
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turefi  of  the  interior  and  the  exterior  is  a  maximum,  is,  of  course, 
an  extreme  one,  which  will  never  occur  in  practice  ;  but  it  serves 
to  explain  the  law  relating  to  the  contraction  of  iron  in  cooling. 

The  more  equally  and  uniformly  a  casting  cools,  the  less 
liable  it  is  to  be  weakened  by  these  strains ;  and  the  merit  of 
Gapt.  Rodman's  invention  evidently  consists  in  retarding  the 
cooling  of  the  outside  by  the  application  of  heat,  and  hastening 
that  of  the  inside  by  the  application  of  cold,  thus  rendering  the 
cooling  of  the  whole  mass  slower  and  more  uniform,  and  prevent- 
ing the  formation  of  those  successive  layers  of  different  tempera- 
tures ;  or  if  they  are  formed  at  all,  making  them  commence  on 
the  interior,  by  which  the  strain  is  reversed  and  actually  made  to 
add  to  the  strength  of  the  piece. 

The  method  can  only  be  perfected  by  experiments  by  which 
the  proper  degrees  of  heat  and  cold  to  be  applied  may  be  deter- 
mined ;  for  to  cool  the  piece  too  rapidly  on  the  interior,  would  be 
even  worse  than  too  rapid  exterior  cooling. 

Capt.  Rodman  has  also  suggested  an  improvement  to  Col. 
Bomford's  method  of  determining  the  thickness  of  metal  at  differ- 
ent  points.  This  consists  in  substituting  for  the  pistol-barrel  and 
bullet,  a  piston  having  a  punch  at  one  end.  This  is  put  in  the 
hole  made  in  the  gun,  and  a  block  of  copper  so  placed  that  as 
soon  as  the  piston  is  acted  on  by  the  inflamed  charge,  the  punch 
is  forced  into  the  surface  of  the  copper,  making  a  certain  indent- 
ation which  is  afterwards  compared  with  one  made  in  the  same 
block  of  copper  by  the  same  or  a  similar  punch  in  a  machine 
where  any  amount  of  pressure  can  be  given  by  the  application  of 
weights.  This,  although  not  an  accurate  process,  the  forces  ap- 
plied in  the  two  canes  being  so  different  in  their  nature,  gives 
probably  the  nearest  approximation  yet  obtained. 

Capt.  Rodman  has  met  with  such  success  in  his  plan  of  hol- 
low casting,  that  he  is  now  about  to  cast  by  direction  of  the 
government,  a  gun  of  15  inches  in  calibre,  which  will  probably 
be  a  complete  test  of  the  system  ;  since,  if  such  an  immense  piece 
can  be  formed  with  a  corresponding  strength,  there  will  remain 
no  doubt  of  the  advantages  of  this  method  of  casting. 

Trunnions. — Another  great  cause  of  the  want  of  strength  in 
guns  as  at  present  formed,  is  the  position  of  the  trunnions,  as  re- 
gards the  jx>int  to  which  the  recoil  of  the  gun  is  transmitted. 
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The  existence  of  these  trunnions,  by  forming  great  re-entering  an- 
gles on  the  surface  of  the  gun,  is  of  itself  a  great  cause  of  weak- 
ness, as  has  already  been  explained ;  but  their  position  on  all 
pieces  except  mortars,  has  a  weakening  effect  in  a  different  way, 
which  will  now  be  explained. 

Let  M  be  the  mass  of  a  shot,  and  D  its  diameter,  v=its  ini- 
tial velocity,  and  M'  the  mass  of  the  gun  neglecting  the  mass  of 
the  powder.  The  "  work  done"  by  the  explosion  will  he=Mv*+ 
3f  V  ;  the  quantity  of  work  of  the  recoil  being= M'v'1,  which, 
transferred  against  the  interior  of  the  breech,  tends  to  stretch  the 
metal  from  the  section  y  to  the  muzzle.   Fig.  50. 


The  rate  of  propagation  is  very  rapid,  so  much  so  as  to  pre- 
sent to  the  eye  the  appearance  of  a  simultaneous  recoil  of  the 
whole  gun.  The  first  effect,  however,  is  to  elongate  the  gun,  suc- 
cessively straining  each  portion.  The  gun  resumes  its  original 
length,  provided  the  elongation  is  far  within  the  elastic  limits  of 
the  metal. 

If  the  gun,  instead  of  resting  on  its  trunnions,  abut  firmly 
against  a  fixed  object  at  the  breech,  a?,  the  segment  in  rear  of  the 
•artridge  will  be  compressed  by  a  force  equal  to  the  whole  recoil 
in  the  direction  yx,  while  the  other  portion  of  the  gun  will  be 
trt'.ndtd  by  a  force  in  the  direction  yz,  which,  at  the  section  y,  is 
equal  to  the  recoil,  and  at  the  muzzle  is— 0.  If  F,  then,  be  the 
work  done  to  tear  the  gun  in  two  at  y,  and  4= the  time  the  shot 
takes  to  reach  the  muzzle, 

o 

will  be  the  longitudinal  6train  on  the  gun. 

If  the  breech  be  unsupported  at  .r,  the  strain  tending  to  tear 
,t  off  at 

.W* 
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diminished  only  by  the  inertia  due  to  its  small  mass  between  y 
and  sr,  or 

If  the  gun  be  fixed  rigidly  on  trunnions  placed  in  the  usual 
position  at  t,  the  strain  tending  to  tear  them  off  is  equal  to  the 
whole  work  done  by  the  recoil.  The  bearings  always  yield  some, 
however. 

If  M "  bc=  the  mass  between  x  and  ty  the  tendency  to  tear  the 
gun  in  two  at  the  trunnions,  is 

[-2  2-~r 

This  extension  at  t  at  the  first  moment  is,  on  the  principle 
already  stated,  followed  by  a  compression  in  the  direction  st,  of 
equal  amount ;  and  so  for  any  other  position  of  the  trunnions. 

The  amount  of  extension  or  compression — assuming  the  gun 
of  equal  transverse  section  of  metal  throughout  its  length,  and  its 
elasticity  perfect — being  proportionate  to  the  extending  or  com- 
pressing forces,  it  follows  that  the  longitudinal  strain  on  the  gun, 
due  to  recoil,  will  be  a  minimum  if  the  trunnions  he  placed  at  the 
farthest  point  to  the  rear,  as  in  mortars,  or  if  the  breech  be  rigidly 
fixed  there,  and  supported,  without  trunnions,  against  the  recoil. 

The  metal  of  a  gun  is,  therefore,  subjected  at  the  same  time 
to  three  different  strains,  which  act  at  right  angles  to  each  other. 
1st.  The  tangential  or  bursting,  which  is  extensional,  and  accom- 
panied by — 2d,  compressive  or  radial  strains,  which  are  normal, 
and — 3d,  the  longitudinal  and  re-active  strains  of  the  recoil,  which 
are  chiefly  extensional.  There  are  good  grounds  for  presuming 
that  the  existence  of  the  latter  two  tend,  to  a  certain  extent,  to 
weaken  the  resistance  of  the  metal  to  the  former. 

Could,  therefore,  a  convenient  method  be  invented  for  sup- 
porting guns  upon  their  carriages  without  the  use  of  trunnions, 
the  recoil  being  received  by  a  support  entirely  in  rear  of  the 
piece,  the  trunnions  could  be  dispensed  with,  and  the  gun  very 
much  strengthened  in  two  ways.  Muskets  and  other  small  arms 
arms  are,  therefore,  arranged  in  the  way  best  suited  to  their 
strength,  and  they  can  therefore  be  made  much  lighter  than  would 
otherwise  be  safe. 
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Whether  designedly  or  not,  the  ancient  guns  possessed  this 
element  of  strength,  for  they  were  without  trunnions,  and  trans- 
mitted the  recoil  to  supports  placed  behind.  Being  of  immense 
size,  this  might  have  been  the  result  of  calculation,  provided  trun- 
nions had  ever  been  used  on  guns  in  early  times ;  but  it  is  prob- 
ably the  case  that  they  were  an  invention  of  a  later  day. 

It  is,  therefore,  concluded,  that  were  these  causes  of  weakness 
in  guns  obviated  in  the  way  proposed, — 1st,  by  forming  the 
piece  perfectly  plain,  and  with  no  re-entering  angles ;  and  2d,  by 
dispensing  with  the  trunnions, — they  would  become  much  stronger, 
and  could  be  made  to  support  the  same  amount  of  strain  by  using 
less  metal,  thereby  reducing  the  weight. 

By  looking  at  Fig.  62,  it  will 


~7   be  seen  what,  according  to  the 
\   preceding  remarks,  is  regarded 

.  ■■  > — ^   as  the  weak  point  of  our  present 

columbiads.    The  sharp  angle 

 ,  at  the  breech  forms  a  plane  of 

V   weakness  in  the  direction  a  h  ; 

)    and  the  additional  metal  outside 
\    of  the  dotted  circle,  instead  ot 
F4  ^  strengthening  the  piece  actually 

makes  it  weaker. 
This  fact  is  beginning  to  be  appreciated  by  our  authorities ; 
for  finding  it  impossible  to  obtain  the  proper  strength  with  the 
present  form  of  the  columbiad,  they  have  been  compelled  to 
change  it  to  that  represented  on  the  lower  half  of  the  figure.  But 
this,  although  an  approximation  to  the  theory  of  Mallet,  stops 
short  of  it ;  and  I  think  a  gun  formed  as  represented  by  the 
dotted  line  on  the  upper  half  of  the  figure,  would  give  greater 
strength,  at  the  6ame  time  that  less  metal  would  be  used  and  a 
lighter  piece  be  obtained. 

The  principle  that  sharp  angles  in  eastings  do  cause  weakness 
being  acknowledged,  it  is  to  be  presumed  that  other  reasons,  be 
fide*  a  disinclination  to  make  such  a  complete  change  in  the  form 
of  the  piece,  exist  to  prevent  our  authorities  from  following  the 
theory  more  strictly  ;  and  among  these  is  probably  the  fact  that 
a  pun  so  formed  would  require  a  great  change  in  the  present  car- 
riage, and  possibly  an  entirely  new  one. 
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The  breech  of  the  "Dahlgren"  gun,  now  so  well  known  in 
our  navy,  seeni6  to  have  been  formed  in  accordance  with  the  prin- 
ciples just  laid  down ;  and  a  paragraph  in  a  letter  from  its  dis- 
tinguished inventor  is  so  directly  to  the  point  in  the  matter,  that 
it  is  inserted.   He  says, — 

"  It  would  be  an  egregious  error  to  suppose  that  the  resistance 
demanded  for  the  gun  in  its  different  parts,  is  to  be  obtained 
solely  by  the  thickness  of  metal ;  other  controlling  considerations 
come  into  question,  as  I  think  you  will  admit  upon  noticing  the 
dimensions  of  different  models  of  guns,  and  the  leading  fact  that 
in  scarcely  any  instance  has  a  weak  gun  been  wanting  in  quantity 
of  metal." 

The  iron  used  in  the  manufacture  of  these  defective  pieces  was 
of  the  very  best  quality,  so  good  in  fact,  that  it  began  to  be  sus- 
pected that  it  was  too  good^  and  that  it  was  necessary  to  mingle 
with  it  some  of  inferior  quality,  in  order  to  produce  those  pecu- 
liar qualities  of  metal  mo6t  suitable  to  resist  the  force  of  gun- 
powder. 

As  if  to  completely  demonstrate  that  in  the  form  lay  the  de- 
fect of  the  pieces,  an  incident  occurred  some  time  ago  at  Boston 
where  an  opportunity  was  offered  of  comparing  the  two  forms  of 
the  army  columbiads  and  navy  shell  guns. 

Some  of  each  were  cast  from  the  same  metal  at  the  same  time 
and  by  the  same  persons,  and  when  completed  were  proved.  The 
columbiads  8-in.  failed  under  proof,  two  bursting  by  service 
charges  at  the  180th  and  45th  rounds.  The  navy  guns  9-in.  suc- 
ceeded completely,  enduring  1500  rounds  without  bursting. 

The  cause  of  the  failure  of  the  columbiads  being  supposed  to 
be  due  to  the  high  bursting  quality  (brimnte)  of  the  powder  used, 
the  navy  department  caused  another  gun  of  the  same  lot  to  be 
tested  with  powder  similar  to  that  used  with  the  columbiads. 
The  gun  sustained  1500  service  rounds,  appeared  then  to  be  in 
good  order,  and  was  finally  buret  with  proof  charges  at  the  23d 
round,  the  shot  having  been  gradually  increased  to  7,  weighing 
about  650  lbs. 

The  pieces  were  about  the  same  weight,  about  9,000  lbs.  A 
68-lb.  shot  and  10  lbs.  of  powder  were  used  with  the  columbiads, 
and  a  shell  weighing  70  lbs.  and  10  lbs.  of  powder,  with  the  navy 
guns. 
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In  connection  with  this  subject  of  endurance,  an  important 
fact  was  noticed  in  making  some  experiments  in  1852.  It  was 
found  that  the  length  of  time  that  a  piece  had  been  cast  had  a 
very  great  influence  upon  its  endurance. 

Three  S-in.  colnmbiads  of  the  same  form  and  dimensions,  and 
cast  in  the  same  way,  were  tried.  One  of  them  had  been  cast  only 
a  few  days,  the  other  two  were  six  years  old,  and  of  metal  of 
inferior  strength  to  the  first.  The  one  tested  immediately  after 
casting  failed  at  the  72d  round ;  of  the  other  two,  the  weaker 
failed  at  the  800th  round,  and  the  other  sustained  2582  fires  with- 
out yielding. 

Here  is  an  apparent  anomaly  which  appears  to  be  satisfacto- 
rily explained  by  the  supposition  that  the  strain  which  has  been 
referred  to  as  existing  in  the  gun  when  cast  is  limited  in  duration, 
and  that,  like  many  other  substances,  iron  possesses  the  property 
of  accommodating  itself  to  an  unnatural  position,  and  finally  of 
adopting  this  as  its  natural  one,  and  of  actually  being  as  strong 
or  even  stronger  in  that  than  in  the  original  state ;  just  as  a  wagon- 
bow  or  barrel-hoop  after  becoming  U6ed  to  the  new  direction,  will 
not  only  not  return,  when  released,  to  the  old,  but  require  force 
to  bring  it  back,  showing  that  the  fibres  possess  the  power  of 
accommodating  themselves  in  accordance  with  the  solicitation  of 
external  forces.  There  is  nothing  in  the  character  of  iron  which 
precludes  this  idea  of  a  new  arrangement  of  the  fibres ;  on  the 
contrary,  as  has  been  shown,  it  does  take  place  under  certain  cir- 
cumstances. 

It  would  therefore  seem  to  be  advisable  and  of  benefit  to  the 
strength  of  ordnance,  that  it  should  be  allowed  to  remain  for  a 
certain  length  of  time  undisturbed  after  easting  and  before  being 
tested  ;  and,  most  probably,  the  longer  this  period  the  greater  be- 
comes the  strength  of  the  pieces. 

MATERIALS  FOR  ORDNANCE. 

Ikon. — It  is  laid  down  that  iron  for  our  cannon  must  be  of  the 
best  quality  of  charcoal  iron,  made  in  a  smelting-furnace,  with  a 
e<4d  blast,  and  should  be  selected  especially  with  regard  to  its 
strength.  There  are,  however,  many  important  details  necessary 
to  be  observed  in  making  the  casting,  and  without  which  defects 
are  almost  certain  to  result :  among  these  may  be  mentioned  the 
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temperature  of  the  metal  at  the  time  the  casting  is  made,  the 
number  of  times  it  has  been  melted,  the  method  of  making  the 
casting,  &c.,  all  of  which  vary  according  to  the  particular  kind  or 
"make"  of  metal  which  is  used.  An  accurate  knowledge  of  all 
these  details  is  necessary  to  a  successful  founder;  but  to  enter 
deeply  into  them  would  scarcely  be  within  the  scope  of  this 
work. 

Gray.— The  iron  suitable  for  cannon  should  be  soft,  yielding 
easily  to  the  file  or  chisel ;  its  fracture  an  uniform  dark  gray, 
brilliant  appearance,  with  crystals  of  medium  size. 

This  iron  is  distinguishable  from  the  other  principal  division 
{the  white),  by  being  softer  and  less  brittle,  slightly  malleable  and 
flexible,  and  not  sonorous.  The  color  of  its  fracture  is  lighter  as 
the  grain  becomes  closer,  and  the  hardness  increases  at  the  same 
time. 

A  medium-sized  grain,  bright  gray  color,  lively  aspect,  frac- 
ture sharp  to  the  touch,  and  a  close  compact  texture,  are  the  char- 
acteristics of  a  good  quality.  If  the  grain  be  very  6mall  or  very 
large,  or  the  iron  present  a  dull,  earthy  aspect,  loose  texture  or 
dissimilar  crystals  mixed  together,  the  metal  is  of  an  inferior 
quality.  If  the  iron  is  too  soft,  loose  and  coarse,  its  strength  and 
elasticity  may  be  increased  by  remelting  it  once  or  twice,  and  by 
continuing  it  in  fusion  several  hours  under  a  high  heat. 

Gray  iron  melts  at  a  lower  temperature  than  white,  becomes 
more  fluid,  and  preserves  its  fluidity  longer ;  it  runs  smoothly ; 
the  color  is  red,  and  deeper  in  proportion  as  the  heat  is  lower ;  it 
does  not  stick  to  the  ladle ;  it  tills  the  mould  well ;  contracts 
less,  and  contains  fewer  cavities,  than  white  iron ;  the  edges  of 
a  casting  are  sharp,  and  the  surface  smooth  and  convex. 

The  mean  specific  gravity  of  pig-iron  is  7.0,  and  its  tenacity, 
about  16,000  lbs.  to  the  square  inch,  which  are  both  increased  in 
the  gun,  the  former  slightly,  the  latter  to  between  25,000  and 
30,000  lbs.  The  tenacity  and  specific  gravity  of  gray  iron  are 
diminished  by  anneating  ;  whilst  in  white  iron  the  former  is 
increased  and  the  latter  diminished  by  the  process. 

White  iron  is  very  brittle  and  sonorous ;  it  resists  the  file  and 
chisel,  and  is  susceptible  of  high  polish.  The  fracture  presents  a 
silvery  appearance,  and,  compared  with  gray  iron,  is  compara- 
tively smooth.    The  differences  between  the  two,  when  placed 
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side  by  side,  are  very  marked.  When  melted,  it  is  white,  and 
throws  off  a  great  number  of  sparks,  but  is  seldom  used  by  itself, 
without  being  mixed  with  a  superior  quality  of  iron.  A  mixture 
of  the  two  kinds  (white  and  gray)  is  generally  used  in  making 
shot  and  shell,  where  strength  is  not  of  the  same  importance  as 
in  guns. 

Besides  these  two  divisions,  manufacturers  distinguish  more 
particularly  the  different  varieties  of  pig-iron  by  numbers,  accord- 
ing to  the  hardness,  No.  1  being  the  gray,  and  No.  6,  the  white 
iron. 

The  qualities  of  these  different  kinds  of  iron  depend  very 
much  upon  the  proportion  of  carbon,  and  the  6tate  in  which  it 
exists  in  the  metal.  In  the  darker  kinds,  where  the  proportion  is 
sometimes  7  per  cent.,  it  exists  partly  as  graphite  or  plumbago, 
▼hich  softens  the  iron.  In  white  iron  the  carbon  is  thoroughly 
combined  with  the  metal,  as  in  steel. 

Swedish  Castings. — The  tenacity  of  gray  cast  iron  is  much 
lessened  by  using  intense  heat  in  the  blast-furnace ;  and,  where 
castings  are  required  to  offer  great  resistance,  it  should  not  be 
employed.  That  obtained  from  kv>  refractory  ores,  and  in  fur- 
naces of  lower  temperature,  gives  greater  strength,  provided  it  is 
not  too  gray,  i.  <>.,  too  graphitic,  and  does  not  expel  too  large  a 
quantity  of  graphite  (in  cooling). 

In  certain  cases,  neither  gray  iron  nor  white  should  be  used 
for  cannon.  Gray  iron  produced  from  a  mixture  of  refractory 
ore  and  flux  (any  material  used  to  assist  the  reduction  of  the  ore, 
as  limestone  or  clay),  k  unsuitable,  because  it  then  contains  a 
Urge  proportion  of  earthy  metals ;  but  even  with  readily  fusible 
ures  it  is  extremely  difficult  60  to  work  the  smelting-furnacc  that 
the  pig-iron  shall  neither  be  too  gray  nor  too  white,  cither  of 
which  ia  equally  injurious  for  gun-founding. 

The  plan  pursued  in  Sweden,  where  they  have  the  finest  cast- 
iron  guns  in  the  world,  is  to  charge  the  furnace  partly  with 
roasted  and  partly  with  raw  ore,  and  the  blast  is  so  regulated 
that  the  yield  shall  be  regular,  and  the  slag,  or  refuse,  nearly  col- 
orlo**.  These  two  kinds  of  ores,  having  different  degrees  of  fusi- 
bility, are  reduced  after  different  periods  in  the  furnace,  and, 
henee,  afford,  one  a  gray  and  the  other  a  white  iron.  If  the  min- 
erals are  properly  proportioned,  there  is  obtained  a  very  finely 
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mottled  gray  iron,  which  is  said  to  be  less  porous,  harder,  and 
more  tenacious  than  the  gray  iron  obtained  in  the  ordinary  way. 

Cast  iron  frequently  retains  a  portion  of  foreign  ingredients 
from  the  ore,  such  as  earths,  or  oxides  of  other  metals,  and  some- 
times sulphur  and  phosphorus,  which  are  all  injurious  to  its  qual- 
ity. Sulphur  hardens  the  iron,  and,  unless  in  a  very  small 
proportion,  destroys  its  tenacity. 

Tmtinq. — These  foreign  substances,  and  also  a  portion  of  the 
carbon,  are  separated  by  melting  the  iron  in  contact  with  air ;  and 
soft  iron  is  thus  rendered  harder  and  stronger.  The  kind  of  iron 
most  suitable  for  casting  guns  should  be  ascertained  by  trial  in 
the  furnace  in  whichit  is  to  be  used ;  and  a  trial-gun  is  made  and 
tested  to  extremity.  The  piece  adopted  for  this  proof,  is  a  long 
9-pdr.,  which  is  fired  with  the  following  series  of  charges,  and  is 
required  to  sustain  the  first  four  without  breaking. 

1«U  20  round?,  8    lbs.  of  powdor,    1  balL    Without  wnl«. 

2d.  2t>     '•  4.5    "         "  2  UU*. 

3d.  10     "  4.5    "  M  8  " 

4th.     5      "  V      "  "  f.  '» 

5th.  —      "  18  M  13  " 

Samples  of  the  iron  are  also  taken  from  the  castings,  and 
tested  by  an  ingenious  machine  invented  by  Major  Wade,  in 
which  the  tenacity  of  the  iron  and  its  capacity  to  resist  compres- 
sion, a  bursting  force,  and  transverse  and  torsional  strains,  are 
all  measured  in  pounds. 

This  method  of  applying  the  strains  to  iron  can,  of  course, 
give  but  an  approximate  result  with  regard  to  the  strain  resulting 
from  the  use  of  powder  in  the  gun.  It  would  appear  that  a  burst- 
ing force,  where  a  steel  cone  is  forced  through  a  cylinder  of  the 
tested  metal,  ought  to  represent  more  nearly  than  any  of  the  oth- 
ers, the  real  action  of  powder  in  a  gun.  But  even  there,  the  force 
applied  is  by  a  steady,  regularly  increasing  pull,  whereas  the  force 
of  the  powder  act*  suddenly,  and,  as  it  were,  by  a  shock  ;  eo  that 
the  one  power  cannot  accurately  represent  the  other. 

The  nearest  approach  which  has  been  made  to  the  real  action 
of  powder  in  a  gun,  comes  to  us  from  one  of  the  European  arse- 
nals, where  very  slightly  conical  steel  punches  arc  forced  into 
conical  openings  of  the  same  inclination  formed  in  small  cylin- 
drical specimens  by  the  action  of  a  given  weight  falling  from  a 
known  height. 
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Alloys. — Attempts  Lave  been  frequently  made  to  improve  the 
quality  of  cast  iron  for  guns,  by  mixing  with  it  foreign  metals  in 
minute  proportions.  Copper,  tin,  lead,  and  manganese  have  thus 
been  tried,  but  with  no  favorable  results.  The  affinities  of  iron, 
in  forming  alloys,  are  very  slight,  and  its  previous  combination 
with  carbon,  for  which  it  possesses  so  powerful  an  affinity,  seems 
to  reduce  the  former  to  so  low  a  point  that  its  alloys  are  little  bet- 
ter than  heterogeneous  mixtures,  which  separate  on  cooling  after 
being  boated.* 

All  attempts,  too,  to  form  guns  compounded  of  different  met- 
al*, placed  one  within  the  other,  with  the  idea  of  gaining  strength, 
have  failed.  In  this  wav  bores  of  cast  iron,  surrounded  with 
rings  or  jackets  of  bronze  or  wrought  iron,  to  obviate  the  interior 
defects  of  bronze,  and  strengthen  the  outside,  or  protect  it 
from  the  weather  by  a  better  metal,  have  been  formed,  but  soon 
abandoned. 

Wrought  Iron,  &c. — The  yielding  of  the  ball  when  a  piece  is 
fired,  gives  the  inflamed  gases  an  opportunity  to  expand,  and 
prevents  their  effort  being  expended  upon  the  piece ;  but  for  this, 
a  piece  made  of  unyielding  material,  and  loaded  with  a  tight- 
fitting  heavy  projectile,  must  give  way  to  the  force  of  the  powder. 
If  a  piece  could  be  made  of  elastic  material  which,  yielding  to 
the  first  furce  of  the  powder  without  breaking,  would  give  time 
for  a  sufficient  force  to  be  developed  to  expel  the  ball,  the  same 
injurious  effects  upon  the  piece  would  not  result. 

Were  a  tube  of  glass  and  one  of  india-rubber  to  be  made  of 
the  same  strength,  as  determined  by  the  ordinary  methods,  it  may 
be  readily  imagined  how  much  more  easily  one  of  these  would 
fail  frum  the  explosion  of  a  charge  of  gunpowder  than  the  other, 
from  its  utter  inability  to  yield  to  the  first  force  of  the  powder. 

In  the  manufacture  of  guns,  this  fact  was  early  appreciated, 
and  efforts  were  made  to  so  construct  them  as  to  yield  a  certain 
amount  to  the  force  of  the  powder.  It  is  mentioned  that  guns 
were  made  by  placing  over  each  other  tightly-fitting  layers  of 
leather;  but  such  pieces,  as  may  be  imagined,  did  not  long  retain 


•  With  a  gov*]  deal  of  mystery,  the  production  of  a  metal  "  infinitely  Mijxrior  to 
\'i"Lt' for  fi.'ld  piece*,  U  confidently  predicted  \>\  a  recent  Ki>pfl»>l»  writer.    Such  a 
r;-.-Ul.-r  prohahly  misturt,  could  not  Ion:,'  remain  a  secret.    It  U,  prohfthly,  one  of 
•h^,  b-peful  chimeras  of  which  the  science  of  artillery  afford*  -o  many  in-tanee*. 
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their  places  before  the  rapidly  advancing  improvements  in  fire- 
arms. 

Up  to  the  present  time,  insuperable  obstacles  have  presented 
themselves  to  the  formation  of  cast-iron  guns  of  a  larger  calibre 
than  10-ineh.  Beyond  that,  60  many  defects  are  liable  to  occur 
in  the  casting,  it  is  not  considered  safe  to  go ;  though  with 
mortars  the  calibre  has  been  extended  to  13-inch.  As,  so  far,  all 
attempts  to  make  castings  larger  than  this  have  failed,  attention 
has  naturally  been  directed  to  wrought  iron,  with  the  hope  of 
increasing  the  calibre. 

Modern  artillerv  is  here  referred  to  :  for  in  the  construction  of 
ancient  artillery  the  reverse  of  this  process  seems  to  have  been 
adopted,  and  the  wrought  iron  tried  first,  or  at  least  cotemporary 
with  the  cast.  These  ancient  pieces,  6ome  of  them  as  large 
as  33  inches  in  calibre,  were  made  of  longitudinal  bars,  hooj>ed 
round  with  heavy  wrought  iron,  shrunk  on  while  hot.  With 
these  pieces,  however,  were  used  stone  balls  and  the  slow-burn- 
ing, ungrained  powder  of  early  times,  which  did  not  require  the 
same  amount  of  resistance  as  iron  balls  and  grained  powder. 
The  carriages  too,  from  which  they  were  fired,  were  very  differ- 
ent from  those  now  in  use;  and  the  pieces  being  without  trunnion*, 
the  recoil  was  transmitted  directly  to  the  breech,  which  probably 
increased  considerably  the  resistance  and  endurance  of  the 
pieces. 

The  great  objection  to  wrought-iron  guns,  especially  those  of 
large  size,  is  the  great  difficulty  of  forming  a  perfect  weld  be- 
tween the  parts,  the  effect  of  the  blow  decreasing  very  rapidly  as 
the  distance  from  the  point  struck  increases.  This  imperfect 
welding,  besides  causing  weak  points  in  the  piece,  which  are 
constantly  made  weaker  by  service,  allows  the  penetration  of 
moisture,  causing  oxidation  which  is  rapidly  destructive  to  the 
metal. 

Wrought-iron  pieces  are  usually  made  by  placing  together,  in 
the  f«»rm  of  a  faggot,  a  number  of  bars  of  the  metal,  which  are 
then  welded  together  under  a  heavy  hammer,  other  bars  being 
added  as  the  welding  progresses,  until  the  proper  size  is  reached. 
During  this  time,  the  mass  of  iron  has  to  be  kept  more  or  less 
heated.  Experiments  made  on  the  metal  taken  from  the  gun, 
and  compared  with  those  made  on  the  metal  before  forging,  prove 
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that  this  method  of  manufacture  is  highly  injurious  to  the  strength 
of  the  iron. 

In  the  manufacture  of  the  "  Peacemaker,''  the  bursting  of 
which  on  board  of  the  steamer  Princeton  in  1843,  was  60  disas- 
trous to  the  country,  the  above  plan  was  pursued ;  and  although 
the  metal  of  which  the  piece  was  made  was  not  of  the  best 
quality,  it  was  found  to  have  decreased  in  strength,  from  the  in- 
tense heat  applied  in  forging  it,  from  46.950  lb6.  to  the  square 
inch,  to  33,586,  or  more  than  13,000  lbs. 

Such  a  result  ought  alone  to  be  conclusive  evidence  against 
the  practicability  of  making  wrought-iron  guns  of  large  calibre, 
by  welding  in  a  mass.  For  small  calibres,  the  case  is  not  so  clear, 
and  pieces  have  been  made  giving  results  which  would  seem  to 
lead  to  an  opposite  conclusion.  But  from  the  fact  that  the  prin- 
cipal powers  of  Europe,  where  these  experiments  have  been  made, 
ptill  retain  bronze  as  the  metal  for  their  field-pieces,  it  would 
«*rn  that  the  question  is  far  from  being  decided  in  favor  of  the 
wrought  iron.  It  is  stated  that  a  12-pdr.  steel  gun  has  been  made 
in  France  which  has  been  fired  more  than  2,000  times,  without 
showing  any  signs  of  injury,  except  an  enlargement  of  the  vent, 
and  that  after  bouching  it  with  copper,  the  firing  was  to  be  con- 
tinued. 

How  is  it  that  ancient  cannon,  some  of  which  are  of  immense 
calibre,  and  made  of  wrought  iron,  have  shown  such  strength, 
lasted  such  a  length  of  time,  and  now  present  an  appearance  so  free 
from  those  defects  which  are  stated  as  characteristics  of  the  mate- 
rial *.  The  reason  is,  that  these  guns,  instead  of  being  forged  in 
one  mass,  like  the  "  Peacemaker,"  were  hnilt  uj>  usually  of  longi- 
tudinal wrought-iron  bars,  beveled  and  fitted  at  the  edges  ;  only 
a  small  amount  of  heat  and  welding  force  being  applied.  On 
this  hollow  cylinder  were  driven  heavy  rings,  applied  when  hot, 
and  shrunk  into  position. 

Such  pieces  would,  of  course,  be  liable  to  the  attacks  of  rust ; 
but  the  joints  appear  to  be  remarkably  well  fitted,  and  on  exam- 
ination, are  found  to  be  filled  with  rust,  converted,  by  time,  into- 
cryatailine  hematite,  as  hard  as  the  iron  itself,  the  whole  present- 
ing the  appearanee  of  one  solid  mass. 

<  Mhers  of  these  ancient  pieces  arc  formed  of  a  number  of  seg- 
ments, which,  put  together  when  required  for  use,  form  the  piece, 
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and  which  can  be  taken  apart  for  the  purposes  of  transportation, 
&<:.  Tlie  carriage  for  such  pieces  was  simply  a  large  wooden 
trough,  in  which  the  piece  was  laid,  abuting  at  the  breech  against 
a  solid  structure  which  received  the  recoil,  the  force  of  which  was 
sometimes  lessened  by  the  interposition  of  a  pad  or  cushion  ;  and 
in  case  of  trunnions  being  dispensed  with  on  modern  cannon, 
this  arrangement  might  furnish  a  useful  hint  for  forming  a  struc- 
ture by  which  the  recoil  of  the  piece  might  be  almost  entirely 
overcome,  by  bringing  into  play  the  elastic  force  of  material. 
This  method  of  receiving  the  recoil,  is  of  much  more  importance 
with  these  built-up  guns  than  with  any  other,  as  the  constant 
tendency  of  the  forces  exerted  on  a  gun  mounted  in  the  ordinary 
way  would  be  to  separate  the  rings  and  parts,  and  this  in  a  much 
greater  degree  than  where  the  recoil  is  all  transmitted  directly  to 
the  breech. 

Mallet's  Mortar. — On  a  principle  somewhat  similar  to  this 
last  one,  Mr.  Mallet  has  constructed  his  monster  mortar,  which 
has  a  calibre  of  one  yard. 

It  consists  of  an  immense  breech  of  cast  iron,  into  which  is 
let  a  wrought-iron  chamber ;  of  a  chase  which  consists  of  three 
large  rings,  all  built  up  of  smaller  ones  of  wrought  iron,  rabct- 
ted  into  each  other.  These  rings,  jointed  together,  fit  on  top 
of  the  breech,  and  are  strengthened  and  held  firmly  together 
and  to  the  breech  by  six  wrought-iron  staves,  which  run  along 
the  outside  of  the  rings  and,  passing  through  openings  in  the 
muzzle  ring,  and  a  projecting  ring  on  the  cast-iron  breech,  con- 
nect the  whole  system  together.  The  binding  power  of  these 
staves  is  regulated  by  quoin-like  wedges  driven  through  the  ends 
of  the  staves  beneath  the  projecting  breech-ring,  thus  tightening 
the  longitudinal  binders  by  a  blow,  when  necessary. 

This  immense  structure,  with  its  bed,  weighs  about  fifty  tons, 
and  carries  a  shell  weighing  some  twenty -five  cwt.  It  is  said  to 
have  cost  $40,000,  and  is  denominated  by  a  recent  English  writer 
"  a  monster  failure;''  though,  judging  from  the  fact  that  they  are 
now  engaged  in  making  experiments  with  the  piece  at  Woolwich, 
and  from  the  description  given  of  its  execution  by  one  of  our  offi- 
cers who  saw  it  fired,  this  condemnation  appears  to  be  premature. 
There  can  be  no  question  of  the  immense  execution  attending 
the  fall  of  such  a  mass  of  metal,  and  the  explosion  of  its  charge  of 
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j-owder  (4rSo  lbs.) ;  ami  should  the  present  experiments  determine 
favorably  the  practical  questions  involved,  the  effect  upon  the 
{'resent  system  of  engineering  must  be  very  great.  No  bomb- 
proof shelter  or  masonry  vault,  as  now  constructed,  would  be 
any  protection  against  such  shells. 

Military  men,  however,  may  well  be  incredulous  with  regard 
to  the  practical  success  of  such  a  system  of  mortars.  It  is  true 
that  such  a  piece  at  Sevastopol,  when  once  established  in  position, 
might  have  materially  shortened  that  memorable  siege,  by  the 
devastating  effects  of  a  few  of  its  shells.  But  such  sieges  as  that 
«io  not  often  take  place  ;  and  it  may  be  considered  as  questionable 
in  the  great  majority  of  those  which  do  occur,  if  a  piece  of  this 
kind,  taking  all  things  into  consideration — the  transportation,  set- 
ring  up  of  the  piece,  its  slow  firing,  &c. — could  not  better  be 
replaced  by  a  number  of  smaller  pieces,  the  rapidity  of  firing  of 
which  is  much  greater,  and  the  points  struck  much  more  numer- 
ous. 

Bronze,  or  brass,  for  cannon,  is  made  of  100  parts  of  copper 
and  about  10  of  tin  ;  a  variation  of  1  part  of  tin,  more  or  less, 
hcing  allowed.  Bronze  is  more  fusible  than  copper,  much  less  so 
than  tin.  It  is  more  sonorous,  harder,  and  less  susceptible  of  oxi- 
dation, than  either  copper  or  tin  ;  less  ductile  than  copper,  more 
-o  than  tin.  It  is  harder  than  either.  Its  fracture  is  of  a  vellow- 
ich  color,  with  little  luster ;  a  coarse  grain,  irregular,  and  often 
exhibiting  spots  of  tin  of  a  whitish  color,  which  indicate  defects 
in  the  metal.  The  specific  gravity  of  bronze  is  about  S.700,  which 
is  greater  than  the  mean  of  the  specific  gravities  of  copper  and 
tin. 

Cupper,  when  pure,  is  of  a  red  color,  inclining  to  yellow,  and 
has  a  tine  metallic  lustre.  Its  fracture  exhibits  a  short,  even, 
rinse  grain,  of  a  silky  appearance.  Copper  is  very  ductile  and 
malleable.  The  greater  the  purity  of  it,  the  more  malleable  it 
U-comes,  and  the  finer  its  grain.  It  has  a  specific  gravity  of  from 
*.#n>  to  JUM). 

Tr.v.  when  pure,  is  of  a  white  color,  a  little  darker  than  silver. 
It  is  malleable,  but  not  very  ductile,  though  it  can  be  rolled  into 
-hects.  It  is  very  soft ;  and,  when  bent  backward  and  forward, 
give**  a  peculiar  crackling  sound,  the  distinctness  of  which  is  in 
proportion  to  the  purity  of  the  metal.  Specific  gravity,  from 
T.^o  to  7.320. 
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Analysis. — To  analyze  bronze,  put  10  parts  (say  100  grains) 
of  it  in  small  particles  in  a  small  glass  matrass,  with  80  parts  of 
very  pure  nitric  acid,  at  22°  Beaume's  hydrometer ;  heat  it-gra- 
dually  to  ebullition,  and  continue  the  heat  until  red  vapors  cease 
to  come  over.  The  acid  dissolves  the  copper,  and  converts  the 
tin  into  an  insoluble  peroxide.  Let  it  settle ;  pour  off  the  liquid, 
add  to  the  oxide  of  tin  20  parts  of  nitric  acid,  and  let  it  boil  ten 
minutes  ;  decant  the  liquid  again,  and  repeat  the  same  operation  ; 
■dilute  the  first  portion  decanted  with  two  or  three  times  its  volume 
of  wa^er,  and  pass  it  through  a  filter.  Do  the  same  with  the 
second  and  third  portions.  Place  the  oxide  of  tin  on  a  double 
filter,  the  two  parts  of  which  are  equal,  washing  it  until  the  water 
that  comes  oft*  no  longer  gives  a  blue  color  when  heated  with 
ammonia,  and  does  not  change  the  color  of  litmus  paper.  Spread 
the  filter  on  paper,  and  dry  it  perfectly  in  a  stove  or  sand  bath. 
Weigh  it,  adding  the  exterior  filter  to  the  weights,  which  will 
give  the  quantity  of  peroxide  of  tin  which  remains  on  the  upper 
filter  :  127  parts  of  peroxide  give  100  parts  of  pure  tin. 

If  the  bronze  contains  lead,  it  will  be  dissolved  by  the  acid. 
To  detect  it,  add  sulphate  of  soda  after  the  solution  is  cool,  in 
order  to  precipitate  the  lead  in  the  state  of  an  insoluble  sulphate. 
145  parts  of  which  contain  100  of  lead. 

Composition. — It  is  a  singular  fact  that  the  ancient  composi- 
tion of  bronze,  as  in  the  case  of  gunpowder,  has  remained  almost 
unchanged  to  the  present  day  ;  and  the  metal  from  cannon  is 
found  to  be  almost  identical  in  the  proportions  of  copper  and  tin 
with  the  rude  weapons  of  Scandinavian,  Celtic,  Egyptian,  Greek, 
and  Roman  warfare.  It  has  never  been  satisfactorily  demon- 
strated, however,  as  in  the  case  of  powder,  that  this  composition 
is  the  best  that  can  be  formed  from  the  two  metals  for  the  manu- 
facture of  guns.  For,  strange  as  it  may  appear,  it  is  asserted  by 
Mallet  that,  after  five  hundred  years'  habitual  use  of  the  material, 
not  a  single  scries  of  systematized  and  accurate  experiments  on 
the  physical  properties  of  gun-metal  has  been  undertaken ;  and 
that  such  a  series  is  entirely  beyond  the  reach  of  private  means, 
or  the  demands  of  commerce,  and  can  be  carried  on  to  successful 
and  satisfactory  results  only  as  a  national  undertaking. 

The  amount  of  tin  in  bronze  varies  in  different  countries  from 
U  to  12.5  parts  to  100  of  copper :  12.5  parts  are  used  in  this  coun- 
try ;  and  in  France  11  parts  is  fixed  by  law  as  the  proper  amount. 
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As  with  many  other  metallic  alloys,  the  combination  between 
the  two  metals  in  bronze  is  so  imperfect,  that  very  slight  forces 
art-  sufficient  to  cause  its  separation  into  two  or  more  different 
alloys,  which,  on  cooling,  arc  found  to  occupy  different  portions 
of  the  mass.  In  casting  a  gun,  for  example,  the  outside  which 
cools  tirst  has  a  constitution  different  from  that  assigned  by  the 
pro|>ortions  of  the  metals,  as  fixed  for  fusion.  The  interior,  which 
cools  last,  has  another  different  from  both,  and  always  richer  in 
tin.  On  being  examined  after  cooling,  portions  at  different  heights 
wc  found  to  differ  from  each  other ;  and  this  difference  varies 
along  the  exterior  and  interior  portions,  so  that  no  two  adjacent 
portions  have  strictly  the  same  chemical  constitution ;  the  maxi- 
mum of  copper  being  found  in  tlie  exterior  and  breech  of  the 
gun,  making  these  portions  less  flexible,  and  the  maximum  of  tin 
in  the  interior  and  higher  parts. 

Specimens  taken  from  the  top  and  bottom  of  the  casting,  show 
also  a  very  great  difference  in  density  and  tenacity ;  the  density 
at  the  breech  being  much  greater,  and  the  tenacity,  in  one  instance 
cited,  more  than  double.  The  dead  head,  in  consequence  of  these 
facts  is  made  much  longer  in  casting  bronze  guns  than  is  other 
wise  necessary. 

It  is  found,  that  the  constitution  of  the  alloys  changes  not 
only  in  cooling,  but  in  melting,  by  the  reduction  of  the  quantity 
of  tin,  which  oxidizes  much  faster  than  the  copper ;  and  this  takes 
place  at  such  a  rate  that  after  six  successive  meltings  the  amount 
of  tin  is  reduced  one  half. 

The  alloy  used  in  France  appears  to  result  after  cooling  into 
one  more  nearly  coincident  with  the  atomic  constitution,  the  small 
excess  of  tin  being  oxidized  during  the  process  of  melting,  and 
leaving  the  solid  metal  almost  precisely  in  accordance  with  the 
atomic  theory  (17  Cu  4-  S  N).  This  more  6taple  alloy  is  therefore 
considered  the  preferable  one. 

Cooling. — Very  rapid  cooling  is  considered  most  advantageous 
for  bronze  pieces  ;  and  as  the  cooling  will  be  slower  in  proportion 
as  the  temperature  of  the  metal  when  poured  into  the  mould  is 
higher,  it  results  that,  the  lower  the  temperature  at  which  the 
metal  remains  sufficiently  fluid  to  till  the  mould  perfectly,  the 
letter  will  be  the  gun  when  cast. 

Gun  metal,  when  suddenly  cooled,  as  when  the  red-hot  metal 
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is  plunged  into  cold  water,  is  rendered  softer,  tougher,  and  more 
malleable.  The  more  quickly,  then,  a  gun  is  cooled  the  better ;  and 
it  has  been  proposed  to  employ  iron  moulds  of  nearly  the  true 
dimensions  of  the  gun  in  place  of  the  ordinary  composition,  thus 
producing  a  casting  more  nearly  of  the  exact  size  required,  econ- 
omizing in  metal,  and  reducing  the  expense  and  time  in  turning 
down  the  exterior  surface. 

By  this  method,  too,  a  greater  amount  of  pressure  could  be 
given  by  increasing  the  height  of  the  "  dead  head,"  which  is  found 
very  materially  to  increase  the  density  and  other  good' qualities  of 
the  gun. 

g  Major  Wade  suggests  that  the  iron  moulds  be  lined  with  a 
thin  layer  of  clay  or  other  suitable  material,  and  that  a  free  circu- 
lation of  air  be  kept  up  around  the  mould.  As  this  method  of 
rapid  cooling  would  soon  cause  a  large  difference  of  temperature 
between  the  exterior  and  interior  portions,  resulting  in  cavities  in 
the  interior,  a  division  in  the  alloys,  and  a  want  of  homogeneous- 
ness  in  the  mass  of  the  casting,  he  suggests  the  application  of 
Rodman's  method  of  hollow  casting  and  cooling  by  water,  by 
which  an  equality  of  temperature  in  all  parts  may  be  maintained. 
The  core  to  be  so  arranged  as  to  discharge  the  water  horizontally 
near  the  lower  part  of  the  dead  head,  so  that  the  latter  will  be 
unaffected  by  the  flow  of  water,  leaving  it  liquid  metal,  which  by 
its  own  gravitation  will  supply  the  void  spaces  created  by  the 
contraction  of  the  solid. 

Re-heating  the  solid  60on  after  it  is  formed,  and  then  cooling 
slowly,  is  found  to  greatly  improve  the  tenacity  of  the  metal ;  and 
Major  Wade  therefore  suggests,  that  as  soon  as  the  gun  has 
become  solid  the  flow  of  water  should  be  stopped,  and  the  free 
circulation  of  air  interrupted  by  covering  over  tightly  the  casting 
pit. 

Tenacity. — In  testing  the  tenacity  of  bronze  taken  from  the 
dead-heads  of  guns,  near  the  junction  with  the  muzzle,  it  is  found 
that  the  tenacity  of  those  samples  of  which  the  planes  of  fracture 
passed  through  the  axis  of  the  gun,  was  much  greater  than  in 
those  in  which  the  planes  were  perpendicular  to  the  axis  or  paral- 
lel to  the  face  of  the  muzzle,  although  the  densities  of  both  were 
about  the  same.  The  cause  of  this  is  not  explained,  though  prob- 
ably a  result  of  the  same  general  law  regarding  the  formation  of 
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■'ratals  as  laid  down  by  Mallet  for  cast-iron,  and  most  other  crys- 
talline bodies.  The  crystals  being  formed  normal  to  the  cooling 
>urface  are  more  difficult  to  fracture  by  a  force  acting  in  the 
direction  of  their  Vxes  than  by  one  acting  perpendicular  to 
them. 

The  principal  injuries  to  which  bronze  guns  are  subject  in 
nrvice  being  the  indentations  formed  in  the  bore,  rather  than  any 
want  of  tenacity  or  endurance  in  the  metal  itself,  the  relative 
•lualitie*  of  different  alloys  to  resist  a  force  of  compression  is  a 
nutter  of  the  greatest  importance,  and  should  be  the  subject  of 
extensive  investigation ;  which  is  accordingly  recommended  by 
Major  Wade. 


MATERIALS  FOR  CARRIAGES,  IMPLEMENTS,  &c. 

TIMBER. 

The  kinds  of  wood  principally  used  in  ordnance  constructions 
ire  the  following : — 

Wiiitk  Oak. — The  bark  is  white,  the  leaf  long,  narrow,  and 
deeply  indented  ;  the  wood  is  of  a  straw  color  with  a  somewhat 
reddish  tinge,  tough  and  pliable.  It  is  tbe  principal  timber  em- 
ployed for  all  kinds  of  artillery  carriages. 

White  Beech — Red  BEEcn — are  the  most  suitable  for  fuzes 
and  mallets ;  also  for  plane-stocks  and  various  other  tools. 

WiirrK  Ash,  is  straight-grained,  tough,  and  elastic,  and  is 
therefore  suitable  for  light  carriage-shafts  ;  in  artillery,  it  is  used 
chiefly  for  sponge  and  rammer  staves  ;  sometimes  for  handspikes, 
and  for  sabots  and  tool-handles. 

Elm,  is  well-suited  for  fellies  and  for  small  naves. 

Hickory,  is  very  tough  and  flexible;  the  most  suitable  wood 
for  handspikes  and  tool-handles,  and  for  wooden  axletrees. 

Black  Walnut,  is  hard  and  fine-grained  ;  it  is  sometimes 
used  for  naves,  and  the  plank  for  ammunition  boxes  ;  it  is  used 
rxcliiMvely  for  the  stocks  of  small-arms. 

White  Poplar,  or  Tulip  Trek,  is  a  soft,  light,  tine-grained 
wood,  which  grows  to  a  great  size  ;  it  is  used  for  sabots,  cartridge 
blocks.  tvx\,  and  for  the  lining  of  ammunition  boxes. 
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White  Pine,  is  used  for  arm-chests  and  packing-boxes  gener- 
ally, and  for  building  purposes. 

Cypress,  is  a  soft,  light,  straight-grained  wood,  which  grows 
to  a  very  large  size.  On  account  of  the  diflculty  of  procuring 
oak  of  suitable  kind  in  the  Southern  States,  cypress  has  been 
sometimes  used  for  sea-coast  and  garrison  carriages.  It  resists, 
better  than  oak,  the  alternate  action  of  heat  and  moisture,  to 
which  sea-coast  carriages  are  particularly  exposed  in  casemates; 
but,  being  of  inferior  strength,  a  larger  scantb'ng  of  cypress  than 
of  oak  is  required  for  the  same  purpose ;  and  on  account  of  its 
softness,  it  docs  not  resist  sufficiently  the  friction  and  shocks  to 
which  such  carriages  are  liable. 

Bass- Wood,  or  American  Lime,  is  very  light,  not  easily  split, 
and  is  excellent  for  sabots  and  cartridge  blocks. 

Dog- Wood,  is  firm  and  hard-grained,  suitable  for  mallets, 
drifts,  &c. 

SELECTION  OF  STANDING  TREE-. 

The  principal  circumstances  which  affect  the  quality  of  grow- 
ing trees  are  soil,  climate,  and  aspect. 

Soil. — In  a  moist  soil,  the  wood  is  less  firm,  and  decays  sooner, 
than  in  a  dry,  sandy  soil ;  but  in  the  latter  the  timber  is  seldom 
fine :  the  best  is  that  which  grows  in  a  dark  soil  mixed  with 
stones  and  gravel.  This  remark  does  not  apply  to  the  poplar, 
willow,  cypress,  and  other  light  woods,  which  grow  best  in  wet 
situations. 

Locality. — In  the  United  States,  the  climate  of  the  Northern 
and  Middle  States  is  most  favorable  to  the  growth  of  the  timber 
used  for  ordnance  purposes,  except  the  cypress. 

Trees  growing  in  the  center  of  a  forest,  or  on  a  plain,  are  gen- 
erally straighter  and  freer  from  limbs  than  those  growing  on  the 
edge  of  the  forest,  in  open  ground,  or  on  the  sides  of  hills ;  but  the 
former  are  at  the  same  time  less  hard.  The  aspect  most  sheltered 
from  the  prevalent  winds,  is  generally  most  favorable  to  the 
growth  of  timber.  The  vicinity  of  salt-water  is  favorable  to  the 
strength  and  hardness  of  white  oak. 

Time. — The  selection  of  timber  trees  should  be  made  before 
the  fall  of  the  leaf.  A  healthy  tree  is  indicated  by  the  top 
branches  being  vigorous  and  well  covered  with  leaves ;  the  bark 
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is  clear,  smooth,  and  of  a  uniform  color.  If  the  top  lias  a  regular, 
rounded  form  ;  if  the  bark  is  dull,  scabby,  and  covered  with  white 
and  red  spots,  caused  by  running  water  or  sap,  the  tree  is  un- 
bound. The  decay  of  the  uppermost  branches,  and  the  separation 
of  the  bark  from  the  wood,  are  infallible  signs  of  the  decline  of 
the  tree. 

- 

FELLING  TIMBER. 

Time. — The  most  suitable  season  for  felling  timber  is  that  in 
which  vegetation  is  at  rest,  whicli  is  the  case  in  midwinter  and  in 
midsummer.  Recent  experiments  incline  to  give  preference  to 
the  latter  season,  say  the  month  of  July ;  but  the  usual  practice 
is  to  fell  trees  for  timber  between  the  first  of  December  and  the 
middle  of  March. 

The  tree  should  be  allowed  to  obtain  its  full  maturity  before 
being  felled  ;  this  period  in  oak  timber  is  generally  at  the  age  of 
from  seventy-five  to  one  hundred  years  or  upwards,  according  to 
circumstances.    The  age  of  hard  wood  is  determined  by  the  num- 
ber of  rings  which  may  be  counted  in  a  section  of  the  tree. 

Ccttixg. — The  tree  should  be  cut  as  near  the  ground  as  possible, 
the  lower  part  being  the  best  timber ;  the  quality  of  the  wood  is 
in  gome  degree  indicated  by  the  color,  which  should  be  nearly 
uniform  in  the  heart-wood,  a  little  deeper  towards  the  centre,  and 
without  sudden  transitions. 

Felled  timber  should  be  immediately  stripped  of  its  bark,  and 
raised  from  the  ground. 

DEFECTS  OF  TIMBER  TREES  (ESPECIALLY  OF  OAK). 

Sap,  the  white  wood  next  to  the  bark,  very  soon  rots,  and 
should  never  be  used,  except  that  of  hickory.  There  arc  some- 
times found  rings  of  light-colored  wood  surrounded  by  good 
hard  wood  ;  this  may  be  called  the  second  sap  ;  it  should  cause 
the  rejection  of  the  tree  in  which  it  occurs?. 

Brash  wood,  is  a  defect  generally  consequent  on  the  decline 
ot'  the  tree  from  age  ;  the  pores  of  the  wood  are  open,  the  wood  is 
reddish-colored,  it  breaks  short,  without  splinters,  and  the  chips 
crumble  to  pieces.  This  wood  is  entirely  unfit  for  artillery  car- 
riages. 
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Wood  whicu  has  died  before  being  felled  should  in  general 
be  rejected ;  so  should  knotty  trees,  and  those  which  are  covered 
with  tubercles  or  excresences. 

Twisted  wood,  the  grain  of  which  ascends  in  a  spiral  form,  is 
unlit  for  use  in  large  scantling ;  but  if  the  defect  is  not  very 
decided,  the  wood  may  be  used  for  naves  and  for  some  light 
pieces. 

Splits,  checks,  and  cracks,  extending  towards  the  centre,  if 
deep  and  strongly  marked,  make  the  wood  unfit  for  use,  unless  it 
is  intended  to  be  split. 

Wind  Shakes  are  cracks  separating  the  concentric  layers  of 
wood  from  each  other :  if  the  shake  extends  tlirough  the  entire 
circle,  it  is  a  ruinous  defect. 

All  the  above-mentioned  defects  arc  to  be  guarded  against,  in 
procuring  timber  for  use  in  artillery  constructions.  The  center 
heart  is  also  to  be  rejected,  except  in  timber  of  very  large  size, 
which  cannot  generally  be  procured  free  from  it. 

seasoning  and  preserving  timber. 

As  soon  as  practicable  after  the  tree  is  felled,  the  sap  should 
be  taken  off  and  the  timber  reduced,  either  by  sawing  or  splitting, 
nearly  to  the  dimensions  required  for  use.  Pieces  of  large  scant- 
ling, or  of  peculiar  form,  such  as  those  for  the  bodies  of  gun  car- 
riages and  for  chassis,  are  got  out  with  the  saw ;  those  of  smaller 
dimensions,  such  as  spokes,  are  split  with  wedges.  Naves  should 
be  cut  to  the  proper  length,  and  bored,  through  the  axis,  with  a 
1^  in.  auger,  to  facilitate  their  seasoning  and  to  prevent  cracking 
as  much  as  possible.  They  should  be  cut  from  the  butt  of  the 
tree. 

Timber  of  large  dimensions  is  improved  by  immersion  in 
water  for  some  weeks,  according  to  its  size,  after  which  it  is  less 
subject  to  warj)  and  crack  in  seasoning. 

Dry  Seasoning. — For  the  purpose  of  seasoning,  timber  should 
be  piled  under  shelter,  where  it  may  be  kept  dry,  but  not  exposed 
to  a  strong  current  of  air ;  at  the  same  time,  there  should  be  a 
free  circulation  of  air  about  the  timber, — with  which  view,  slats 
or  blocks  of  wood  should  be  placed  between  the  pieces  tl^t  lie 
over  each  other,  near  enough  together  to  prevent  the  timber  from 
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Wnding.  In  the  sheds,  the  pieces  of  timber  should  be  piled  in 
this  way,  or  in  square  piles,  and  classed  according  to  age  and 
kind.  Each  pile  should  be  distinctly  marked  with  the  number 
and  kind  of  pieces,  and  their  age,  or  the  date  of  receiving  them. 
The  piles  should  be  taken  down  and  made  over  again  at  intervals, 
varving  with  the  length  of  time  which  the  timber  has  been  cut. 
The  seasoning  of  timber  requires  from  two  to  eight  years,  accord- 
ing to  its  size. 

Kyanlztno. — Gradual  drying  and  seasoning  in  this  manner  is 
considered  the  most  favorable  to  the  durability  and  strength  of 
timber  ;  but  various  methods  have  been  proposed  for  hastening 
the  process.    For  this  purpose,  steaming  timber  has  been  applied 
with  success  ;  and  the  results  of  experiments  with  Mr.  Kyan's  pro- 
cess of  saturating  timber  with  a  solution  of  corrosive  sublimate, 
have  been  highly  satisfactory :  this  is  6aid  to  harden  and  season 
the  wood,  at  the  same  time  that  it  secures  it  from  the  dry  rot  and 
from  the  attacks  of  worms.    The  process  of  Mr.  Earle,  which  con- 
sists in  saturating  the  wood  "with  a  hot  solution  of  copperas  and 
blue  vitriol  mixed  together,  has  been  tried  by  the  Ordnance 
Department ;  but  the  results  have  not  been  favorable,  as  regards 
it?  effect  on  the  strength  or  preservation  of  the  timber. 

Kiln  Dryixo  is  serviceable  only  for  boards  and  pieces  of  small 
dimensions,  and  is  apt  to  cause  cracks  and  to  impair  the  strength 
of  wood,  unless  performed  very  slowly.  Charring  or  pairing  is 
highly  injurious  to  any  but  seasoned  timber;  as  it  effectually  pre- 
vents the  drying  of  the  inner  part  of  the  wood,  in  which,  conse- 
quently, fermentation  and  decay  soon  take  place. 

Oak  timber  loses  about  one  fifth  of  its  weight  in  seasoning, 
and  about  one  third  of  its  weight  in  becoming  perfectly  dry. 


MEASl'KIXO  TIMBER. 

Sawed  or  hewn  timber  is  measured  by  the  cubic  foot ;  or  more 
r-omm«»nlv  by  board  measure,  the  unit  of  which  is  a  superficial 
foot  of  a  board  1  in.  thick.  Small  pieces,  especially  those  which 
an;  got  out  by  splitting  (such  as  spokes),  ami  shajn-s,  or  pieces 
roughed  out  to  a  particular  pattern  (such  a-  >tocks  for  small  arms), 
are  often  purchased  by  the  piece. 
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Usual  rule  for  measuring  round  timber : 

Multiply  the  length  by  the  square  of  one  fourth  the  mean  girth, 

V  t  .  ?  • ;~  c  £  for  the  solid  contents ;  or,  -~ ;  L  being  the  length  of  the  log,  and 

C  half  the  sum  of  the  circumferences  of  the  two  ends.  But  when 
round  timber  is  procured  for  use  in  the  Ordnance  Department,  it 
should  be  measured  according  to  the  square  of  good  timber  which 
can  be  obtained  from  the  log. 

Table,  shotting  the  Superficial  Feet  in  one  lineal  foot  of  Boards 

of  various  widtlis. 


WIDTH. 

AREA. 

WIDTH. 

AREA. 

WIDTH. 

AREA. 

In. 

Sup.  ft. 

In. 

Sup.  ft. 

In. 

Sup.  ft. 

0.25 

0.0208 

4.25 

0.3542 

8.25 

0.6875 

0.50 

0.0417 

4.50 

0.8760 

8.50 

0.7088 

0.75 

0.0625 

4.75 

0.3958 

8.75 

0.7292 

1.00 

0.0833 

5.00 

0.4167 

9.00 

0.7500 

1.25 

0.1042 

5.25 

0.4375 

9.25 

0.7708 

1.50 

0.1250 

6.50 

0.4583 

9.50 

0.7917 

1.75 

0.1458 

5.75 

0.4792 

9.75 

0.6125 

2.00 

0.1667 

6.00 

0.5O0O 

10.00 

0.8833 

2.25 

0.1875 

6.25 

0.5208 

10.25 

0.8542 

2.50 

0.2083 

C.50 

0.5417 

10.50 

0.8750 

2.75 

0.2292 

675 

0.5625 

10.75 

0.8958 

3.00 

0.2500  1 

7.00 

0.5833 

11.00 

0.9167 

'  3.25 

0.2708 

7.25 

0.6042 

11.25 

0.9375 

3.50 

0.2917 

7.50 

0.6250 

11.50 

0.9583 

3.75 

0.3125 

7.75 

0.6458 

11.75 

0.9792 

4.00 

0.3333 

,00 

0.6667 

12.00 

1.0000 

To  lind  the  number  of  feet,  board  measure,  in  any  piece  of 
timber  of  a  given  width,  multiply  the  tabular  area,  for  that  width, 
by  the  length  in  feet  and  the  thickness  in  inches. 
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CHAPTER  IV. 

RIFLES. 

<  )rigin. — Rifled  small  arms  date  from  a  very  early  period 
1 14^), — in  France,  from  about  1515;  though  the  principle  from 
which  their  accuracy  results  does  not  seem  to  have  been  well 
understood.* 

A  rifle  is  a  gun  having  in  its  bore  a  number  of  grooves,  heli- 
cal in  form,  which,  as  the  projectile  passes  out  of  the  bore,  give  it 
the  rifled  or  rotating  motion.  In  rifles  loaded  at  the  muzzle,  the 
projectile  must  be  made  to  "  take  "  the  grooves,  by  being  forced  into 
them.     It  will  then  turn  in  the  piece  as  often  as  the  entire  curve 

repeated  in  the  length  of  the  bore,  and  continue  the  same  mo- 
tion after  leaving  the  muzzle.  The  r:(te  at  which  it  revolves  will 
depend,  for  any  given  velocity,  upon  the  inclination  which  the 
jrrooves  have  to  the  axis  of  the  piece. 

Theory. — The  deviation  of.  a  shot  is  caused  by  the  resistance 
to  its  passage  oflfered  by  the  air.  The  effect  of  rifling  a  ball  is  to 
make  it  keep  the  same  part  always  to  the  front.  This  is  shown 
by  marking  the  top  part  of  a  rifle  ball  as  it  is  placed  in  the  gun. 
That  part  always  strikes  the  target  first.  This  renders  the  retard- 
ing effect  of  the  air  on  the  ball  much  more  uniform  than  it  would 
otherwise  be. 

Suppose  that  the  point  M,  Fig.  03,  of  the  front  surface,  be  the 

r  ^  %i^J   v      _    point  of  application  of  the  result- 

V   .  /"^  b     ant  P  M  of  the  resistance  of  the 

^       V  ah*  acting  obliquely  to  the  vertical 

I'    plane  of  tire  of  which  A  B  is  the 
fi*.«.  trace.    As  the  ball  revolves,  the 

yS\\\\  M  takes  the  position  m,  and  the  force  M  P  assumes  the  posi- 


*  The  grooves  of  the  first  rifle*  made  were  perfectly  straight,  the  metal  l»«-ing  cut 
.  -t  to  receive  the  dirt  nccurnulat.d  in  firing  a  gun,  as  well  a?  to  allow  the  escape  of 
th.  air  in  forcing  down  the  ball,  made  with  an  increased  diameter  to  diminish 
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tion  in  j>,  directly  opposed  to  the  first  j>osition,  ami  tending  to 
throw  the  projectile  hack  to  the  left  with  the  same  force  it  before 
exertetl  to  throw  it  to  the  right,  thus  neutralizing  this  last  motion. 
The  force  M  V  describes,  as  the  ball  revolves,  a  surface  which  we 
may  take  for  a  cone.  For  any  two  positions  of  the  force  M  V 
opposite  to  each  other  in  this  cone,  the  deviating  influences 
mutually  counteract  each  other. 

c  A  helix  is  a  curve  on  the  surface 

of  a  cylinder  which  meets  the  ele- 
ments of  the  cylinder  constantly 
under  the  same  angle.  To  trace  one 
practically  upon  a  cylinder,  take  a 
paper  triangle,  8  0  S,  whose  base  is 
equal  to  the  circumference  of  the 
cylinder,  their  altitudes  being  the 
same.  Place  the  line  8  8  on  one  of 
the  elements  of  the  cylinder,  and 
roll  the  latter  in  the  triangle;  the 
hypothenuse  8  0  will  describe  the 
helix.  Should  we  desire  the  helix 
to  make  but  the  |  of  a  revolution 
instead  of  an  entire  one,  the  triangle 
a  S  £  would  be  used,  in  whieh  </  S  is 
1  of  S  8. 

Cutting  Grooves. — The  ordinary  ones  are  the  easiest  described 
and  the  best.  To  describe  the  curve  on  the  bore  of  the  piece,  it 
is  only  necessary  to  give  the  barrel  a  certain  motion  of  translation 
and  rotation  whilst  a  stationary  point  presses  upon  it.  Or  the 
barrel  may  rotate  while  the  point  is  given  a  motion  of  translation. 
Or  finally,  the  barrel  may  remain  stationary  and  the  point  have 
both  motions,  and  this  last,  is  the  usual  way  of  rifling  in  praetiee. 
The  cutter  is  placed  on  the  end  of  a  shaft  moved  back  and  forth 
by  machinery,  ami  having  on  it  a  projection  whieh  is  forced  to 
move  in  a  groove  cut  in  the  proper  form  on  the  surface  of  a  metal 
cylinder.  A  groove  of  the  same  form,  consequently.  i>  cut  in  the 
bore  of  the  piece.  This  is  the  plan  usually  adopted  in  rifling  large 
•runs;  but  with  small  arms  the  barrel  is  lixed  as  before,  and  the 
grooves  are  made  bv  a  cutter  which  moves  back  and  forth,  turning 
at  the  same  time  by  the  action  of  a  ratchet,  moved  up  ami  down 
by  a  wheel  at  the  bottom  moving  on  an  inclined  plane  or  curve. 
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according  to  the  kind  of  helix  to  be  cut,  and  which  works  into 
teeth  placed  on  the  frame,  which  support  the  rod  of  the  cutter. 
This  method  has  recently  been  applied  also  to  rifling  large  guns.  * 
These  grooves  arc  sometimes  made  with  an  increasing  curve 
or  a  "  twist,"  when  the  angle  which  they  make  with  the  axis 
iwreases  as  they  approach  the  muzzle.  The  inclination  at  any 
point,  as  at  the  muzzle,  is  determined  by  the  angle  made  by  the 
tangent  at  that  point  with  the  axis.  It  may  be  described  like  the 
ordinary  helix,  by  substituting  for  the  hypothenusc  of  the  triangle 
a  parabola,  or  any  other  regular  curve,  as  8  4  or  6  0,  Fig.  64,  tan- 
gent to  it  at  the  extremity.  This  will  give  a  curve  less  developed 
than  the  right  line,  and  its  mean  inclination  will  be  less.  The 
friction,  consequently,  with  a  rifle  of  this  form,  will  be  less. 

Length. — Friction  is  a  matter  of  considerable  importance  in 
rifles,  and  its  retarding  effect  seems  to  increase  in  a  greater  ratio 
than  the  velocity.  Hence,  the  inclination  of  the  grooves  should 
increase  as  the  gun  decreases  in  length,  and  the  reverse.  Other 
considerations  will  have  a  bearing  upon  this  same  point.  The 
velocity  of  rotation  should  be  great  enough,  otherwise  the  ten- 
dency of  the  ball  to  turn  round  its  shortest  axis  overcomes  the 
rotary  motion,  and  the  firing  is  inaccurate.  It  should  not  be  too 
great ;  as  in  that  case  the  velocity  of  translation  is  reduced. 
When  the  charge  is  increased,  the  inclination  of  the  grooves  should 
be  decreased,  otherwise  the  ball  is  forced  across  them  without 
being  rifled  ;  and  it  is  in  this  way  that  the  velocity  of  rotation 
takes  from  that  of  translation. 

If  the  groove  makes  one  complete  revolution  in  the  length  of 
the  gun.  it  is  supposed  to  impart  that  rate  to  the  ball  when  it 
leaves  the  muzzle,  and  that  it  makes  one  of  these  revolutions  in 
the  same  space  in  air.  This,  of  course,  is  not  strictly  true,  from 
the  friction  of  the  air,  which  will  commence  to  reduce  that  velo- 
city as  well  as  the  velocity  of  translation,  from  the  moment  the 
ball  leaves  the  piece. 

The  curve,  however,  generally  makes  but  a  part  of  a  revolu- 
tion in  the  piece,  the  ball  perfecting  the  revolution  after  it  gets 
out — that  is,  after  it  passes  over  one  comphte  helix.  Let  us  sup- 
pose the  length  of  the  helix  to  be  1G  feet,  and  the  initial  velocity 
of  the  ball  to  be  1000  feet.  It  will  take  ,J$o?  or  Tij  part,  of  a 
second  to  pass  over  one  length  of  the  helix  ;  or,  the  ball  makes  100 
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revolutions  in  a  second.  Knowing,  then,  the  initial  velocity  of 
translation  of  the  ball,- and  the  length  of  a  completed  helix  of 
the  gun,  the  initial  velocity  of  rotation  is  obtained  by  dividing 
the  former  by  the  latter. 

Lead  being  a  softer  substance  than  iron,  the  projections  on  the 
ball  will  be  the  more  liable  to  be  torn  off,  or  what  is  termed 
"  strijyped"  as  the  inclination  of  the  groove  to  the  axis  and  the 
charge  of  powder  are  increased.  To  avoid  this,  therefore,  there 
must  be  a  certain  relation  established  between  the  dimensions  of 
the  grooves,  their  number,  and  inclination, — and  the  velocity  of 
ball. 

Inclination. — Experiment  demonstrates  that  the  inclination 
should  increase  as  the  spherical  form  is  departed  from  in  the  pro- 
jectile. Tims,  an  elongated  ball  having  a  greater  bearing  surface 
than  a  sphere,  will  have  more  metal  forced  into  the  groove,  take 
a  better  hold  of  it,  and  be  less  liable  to  "  strip."  Such  a  ball, 
too,  will  stand  a  larger  charge  of  powder  before  stripping,  than  a 
spherical  ball. 

The  iirst  rifles  were  made  with  grooves  like  teeth,  and  a  great 
number  of  them,  as  in  Fig.  65 ;  but  the  sharp  edges  soon 
became  worn  by  the  rammer,  and  the  piece  became 
inaccurate. 

A  screw,  when  used  without  oil,  is  soon  destroyed. 
Grease  or  oil  reduces  the  friction,  and  renders  its  move-    Fl*  w- 
ment  more  uniform.    Grease  applied  to  the  grooves  of  a  rifle, 
produces  the  same  effect,  and  it  is  for  this  reason  that  the  patch 
of  a  rifle  ball  is  greased. 

As  the  power  of  powder  is  increased  by  offering  a  greater 
resistance  to  it,  the  friction  of  the  ball  in  the  grooves  requires  a 
greater  thickness  of  metal  in  a  rifle  than  in  a  srnooth-bored  gun. 

Slugged. — It  is  believed  that  the  first  attempt  to  use  the  rifle 
principle,  was  in  breech-loading  arms.  In  breech-loading  pieces^ 
the  bore  consists  of  two  separate  parts,  viz.,  the  long  part  or  bar- 
rel, which  is  rifled,  and  the  chamber  immediately  behind  it,  the 
bore  of  which  is  larger  than  that  of  the  barrel.  In  this  part,  the 
charge  and  ball  fit.  "When  the  ball  is  forced  into  the  barrel  by 
the  ignited  powder  it  enters  the  grooves  and  becomes  what  is 
termed  slugged. 

The  advantages  of  tin's  mode  of  loading,  are,  that  it  is  safer  J 
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that  no  soldier,  however  awkward,  can  get  more  than  one  ehargo 
in  the  gun  ;  that  no  rammer  is  re-quired  in  loading  (a  great  ad- 
vantage, especially  on  horseback) ;  that  the  hall  remain*  in  its 
|»laee,  no  matter  if  the  gun  i*  earned  muzzle  down  and  at  a  rapid 
pace  ;  and  that  the  piece  can  be  loaded  much  more  rapidly  and 
ea^ilv. 

The  disadvantages  are,  that  no  matter  how  perfect  the  mechan- 
ism at  the  joint,  thr  jK*c<hr  b<  ing  cx}>h«hd  at  that  jHunt%  the  gag 
i*  sure  to  penetrate  it.  The  parts  become  rusty  and  foul,  work 
with  difficulty,  close  badly,  and  allow  an  escape  of  gas  injurious 
to  the  marksman.  These  disadvantages  are  increased  by  the 
rapidity  with  which  the  piece  can  be  fired. 

The  uu*t  noted  arms  of  rec  ent  date  in  this  country,  loaded  in 
thi*  way,  are  those  of  Colt,  Hall,  Shuq>,  and  Burnside.  All  of 
the>e  have  their  peculiar  advantages  and  defects,  which  will  not 
be  disciiMU-d  at  any  length.  The  last-named,  however,  having 
been  recommended  by  two  successive  board*  of  officer*,  pecu- 
liarly adapted  for  the  military  hcrviec,  it  may  not  be  out  of  place 
to  give  a  short  description  of  it. 

I>i  RNsiirt.'s.— Its  great  advantage  in  a  military  point  of  view, 
is  the  protection  of  the  cartridge  from  moisture.  Thi>  is  effected 
by  means  of  a  metallic  ease  either  of  brass  or  steel,  capped  at 
the  larger  end  with  u  lead  rin«\*  Iiv  means  of  a 
steel  mould,  this  lead,  a/tcr  the  back  end  of  the  ball 
i>  placed  in  it,  is  forced  around  the  ball  so  as  her- 
metrirally  to  seal  the  joint.  The  ea~e  is  slightly 
conical,  and  at  the  smaller  end  is  a  small  h«»le  closed  " 
when  the  powder  has  been  po.ircd  in  and  the  bull 
forced  in  its  portion,  with  a  little  tallow  or  wax. 

The  eiiamber.  of  the  *<im-  form  as  the  cartridge 
ra.M',  if  in  a  piece  of  metal,  the  back  end  of  which 
drop*  down,  being  connected  at  the  front  end  with 
the  burrel,  by  means  of  a  hinge  h,!..,r  it.  The 
chamber  being  down,  the  cartridge  i«  dropped  in, 
entering  as  far  as  the  line  a  h.  When  the  eiiamber 
ii%  rai-cd  the  ball  enters  the  barrel,  which  is  reamed 
out  to  re*eei\c  the  enlarged  part,  a  h.  This  rin^'  of 
lead  being  directly  at  the  joint,  effectually 
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it  and  prevents  the  escape  of  gas.  VT\\cn  the  charge  is  fired,  the 
ball  is  driven  forward  through  the  barrel,  leaving  the  case  in  the 
gun.  Being  conical  in  form  and  fitting  the  chamber,  the  sides  of 
this  support  the  case  and  prevent  its  being  destroyed.  The 
chamber  being  opened,  the  empty  case  is  taken  out,  and  a 
loaded  one  put  in  again. 

Should  the  case  stick  after  the  gun  is  fired,  an  ingenious  con- 
trivance releases  it.  Being  a  conical  surface  fitting  into  a  similar 
one,  the  least  movement  forward  separates  the  two  surfaces  and 
releases  the  case.  This  movement  is  effected  by  means  of  a  cone 
seat  placed  in  rear  of  the  chamber,  and  against  it  the  cartridge- 
case  rests.    On  touching  this  seat,  the  case  is  moved  forward. 

The  gas  was  found  to  be  very  effectually  cut  off  by  the  car- 
tridge, and  there  being  no  necessity  for  the  chamber-piece  to  tit 
tightly,  cither  to  the  barrel  or  the  side  pieces  which  connect  this 
with  the  stock,  there  is  no  danger  of  rust  preventing  the  mechan- 
ism from  working.  The  piece  fired  accurately,  and  passed  suc- 
cessfully through  some  very  severe  tests  with  water. 

Since  the  great  improvements  made  in  the  muzzle-loading 
rifle,  in  regard  to  range  and  facility  of  loading,  the  breech  load- 
ing principle  is  not  a  matter  of  so  much  importance.  "When  it  is 
remembered  that  soldiers  in  action,  even  when  well  disciplined, 
expend  from  10,000  to  30,000  cartridges  for  every  man  disabled, 
it  becomes  a  self-evident  fact  that  thev  fire  too  fast  alreadv,  and 
that  it  is  only  adding  to  the  evil  to  give  them  the  means  of  tiring 
four  or  five  times  as  fast,  by  placing  breech-loading  guns  in  their 
hands.  It  is,  then,  only  special  corps  to  which  this  arm  should 
be  supplied,  aud  not  to  the  main  body  of  an  army. 

English. — Another  plan  for  forcing  the  ball  was  as  follows : 
The  ball,  very  little  smaller  than  the  bore,  was  forced  down  on 
the  powder  with  a  heavy  rammer,  and  driven  into  the  grooves 
by  several  sharp  blows.  This  method  was  not  found  very  effec- 
tive, and  was  injurious  to  the  powder  by  mashing  it.  After  a 
few  rounds  the  piece  becomes  foul  and  works  with  great  difficulty. 
Projections  were  then  formed  on  the  ball,  corresponding  to  grooves 
in  the  gun,  and  no  forcing  was  requisite ;  but  this  method  was 
very  inconvenient  when  firing  and  loading  rapidly  in  succession, 
or  in  the  dark,  as  the  ball  had  to  be  placed  in  a  particular  jK^i- 
tion  before  it  would  enter  the  bore.   These  arc  the  objections  to 
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the  English  or  rather  Brunswick  rifle,  which  lias 
hut  two  grooves,  and  on  the  hall  a  projection  in  the 
form  of  a  girdle,  which  fits  into  them.    Fig.  G7. 

A  third  plan  was  by  means  of  the  common  greased  y 
patch  of  linen  or  thin  leather  which  envelopes  the 


Fig.  68. 


ball. 

Delvigxe,  a  French  infantry  officer,  suggested  an  *>r 
improvement  in  forcing,  which,  although  soon  given  up,  was  the 
cause  of  another  of  much  greater  importance.    lie  proposed  to 

place  at  the  bottom  of  the  breech,   _  I 

a  small  chamber  having  an  abrupt 
connection  with  the  bore,  Fig. 
CS.  The  powder  nearly  filled  the 
chamber,  and  the  ball,  having  been  inserted  like  an  ordinary 
musket  ball,  was  arrested  at  the  mouth  of  the  chamber.  To  force 
it  into  the  grooves,  it  was  rammed  several  times  with  a  heavy 
rammer  having  a  concave  head.  This  forced  it  also,  into  the 
chamber,  by  which  the  powder  was  injured.  The  ball,  however, 
was  forced  very  much  out  of  shape,  and  being  flattened  in  front, 
increased  the  resistance  of  the  air.  This  rendered  an  increased 
twist  neeessary,  in  order  to  keep  the  ball  from  turning  around  its 
shorter  axis.  To  prevent  the  ball  being  driven  into  the  chamber, 
a  *nbot  of  hard  wood  was  placed  below  it,  which,  resting  on  the 
offsets  at  the  mouth  of  the  chamber,  prevented  the  ball  from 
entering. 

Carabine  k  Tige. — The  invention  which  has  been  alluded  to 
as  the  result  of  the  preceding  one,  seems  to  be  a  very  simple  and 
natural  consequence  of  it.  It  consists  in  substituting  for  the  cham- 
ber a  small  cylinder  or  pin,  Fig.  60,  projecting  into  the  lower  part 
of  the  bore,  and  on  the  top  of  which  the  ball  rests ;  thus 
furnishing  the  celebrated  "carabine  d  tig>  "  or  stem- 
rifle.  The  powder  now  lies  in  a  ring-shaped  chamber 
around  the  stem,  which  supports  the  extreme  point  of 
the  ball,  allowing  it  to  be  forced  more  easily  and  with 
less  detriment  to  its  shape.  Tin's  piece,  the  inventor  of 
which  was  Col.  Thouvcnin,  seems  to  have  been  the  first 
military  arm  in  which  an  <hnujat<<l  projectile  was  used. 

Ki-on'gated  Billets.— It  has  long  been  known  that  the  spher- 
ical form  was  not  the  one  to  which  the  air  offered  the  least  resist 


 •-  i 


Digitized  by  Google 


126 


RIFLES. 


ance ;  but  all  attempts  to  keep  tlie  projectile  from  turning  around 
its  shortest  axis  had  failed. 

The  arrow,  among  elongated  projectiles,  has,  w  ith  equal  velo- 
city, the  most  flattened  trajectory,  or  path  through  the  air.  This 
is  due :  1st,  To  the  little  resistance  offered  to  the  point  of  the 
arrow  by  the  air,  and  to  its  great  mass  compared  to  that  of  a  ball. 
2d,  To  tho  volume  which  the  arrow  occupies,  which  prevents  its 
falling  as  rapidly  as  a  body  of  greater  density  ;  and,  3d,  To  the 
resistance  offered  by  the  air  to  the  feathers  placed  on  the  rear 
part,  which  assist  to  prevent  the  arrow  revolving  on  its  shortest 
axis.  These  feathers  are  sometimes  placed  obliquely  on  the  shaft 
bo  as  to  produce  the  rifle  motion  in  the  arrow.  The  arrow,  then, 
is  the  type  of  rifle-balls,  and  the  elongated  projectile  which  can 
be  made  to  approach  nearest  its  trajectory  in  form  will  be  the 
most  advantageous. 

Metal  which  must  be  used  in  connection  with  powder  in  order 
to  resist  its  effect  and  have  the  proper  penetration  when  it  strikes, 
is  too  heavy  and  unmanageable  to  be  used  in  the  arrow  form  ;  but 
the  proportions  may  be  approximated  to,  and  the  proper  amount 
of  rotation  be  given  by  rifling. 

The  first  form  used  was  the  cylindro-sphcrical,  Fig.  70;  then 
the  cylindro-conical,  Fig.  71 ;  and,  finally,  the  ogee-shaped  ball, 
Fig.  72,  having  circular  grooves  cut  upon  the  cylindrical  part, 
which,  acting  like  the  feathers  of  an  arrow,  aided  in  maintaining 
the  point  to  the  front.  This  ball  having  been  used  with  the 
chambered  pieces,  and  found  not  to  take  the  groove  well,  the 
chamber  was  suppressed,  and  a  "  tige"  or  stem  substituted,  which 
was  found  to  force  the  ball  better.  The  size  of  the  stem  is  so  cal- 
culated that  the  space  around  it  is  still  large  enough  to  contain 
the  necessary  charge  after  the  piece  has  been  fired  fifty  times.  It 
was  found  necessary  to  increase  the  twist  of  the  groove  so  as  to 
make  one  revolution  in  about  six  feet,  it  having  been  before  one 
in  about  twenty  feet. 


Pig.  TO. 


rig.  "i. 


rig.  72. 
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The  difficulty  of  cleaning  and  keeping  this  gun  in  order  was  a 
serious  objection  to  it,  and  means  were  sought  of  forcing  the  hall 
"without  the  aid  of  the  stem.  This  led  to  the  adoption  of  the 
hollow  Minie  ball,  having  in  the  conical  opening  an  iron  cup, 
which,  moving  before  the  inertia  of  the  lead  is  overcome,  forces 
the  ball  into  the  grooves.  This  was  found  to  force  the  ball  quite 
as  well,  if  not  better,  than  the  t'uje,  at  the  same  time  that  the  ball 
was  not  deformed.  When  using  very  large  charges,  the  cup  is 
6oinctiines  forced  entirely  through  the  ball.  It  is  now  discovered 
that  the  ball  is  forced  as  well  without  as  with  the  cuj),  which  has 
accordingly  been  suppressed. 

A  projectile  may  be  so  formed  as  to  fly  point  first,  like  an 
arrow,  even  when  fired  from  a  smooth-bored  gun ;  but  in  order  to 
do  so,  it  must  fulfill  the  same  conditions  as  the  arrow,  and  have 
its  center  of  gravity  near  the  point,  and  such  an  arrangement  on 
the  rear  part  of  the  ball  as  will  be  acted  on  by  the  air  to  prevent 
its  turning.    Suppose,  for  instance,  we  have  a  projectile 
formed  as  in  Fig.  73,  the  front  being  made  of  lead  or  iron, 
and  the  back  part  of  hard  wood,  throwing  the  center  of 
gravity  well  forward  of  the  center  of  the  figure.    Such  a 
projectile,  although  perfectly  useless  in  practice,  would 
travel  point  foremost  when  projected  through  the  air. 
If  the  center  of  gravity  be  moved  back  farther  and  far-   jj,  R  ~'i 
tlier,  a  point  will  be  reached  where  the  projectile  begins   f:  —  \ 
to  &how  a  tendency  to  turn  over.    It  is  evident,  then,     n»-  T3- 
that  a  very  slight  rotation  around  its  longest  axis  would  at  first 
maintain  the  point  to  the  front ;  and  this  velocity  of  rotation  would 
have  to  be  increased  as  the  center  of  gravity  receded  from  the 
front. 

The  causes  of  inaccuracy  in  firing  spherical  projectiles  from 
sin<K>th-bored  pieces,  are:  1st,  Windage;  2d,  A  want  of  coinci- 
dence between  the  centers  m  gravity  and  figure ;  and,  3d,  A 
rotary  motion  around  an  axis  oblique  to  the  plane  of  fire ;  this 
motion  being  partly  a  consequence  of  the  formation  of  the  bullet, 
partly  in  con-cqucncc  of  its  shocks  in  the  bore.  Rifling  nullifies 
all  these  causes  of  error.  It  destroys  the  windage,  prevents  the 
bullets  from  oscillating  in  the  bore,  and  by  substituting  for  its  old 
motion  of  rotation  another,  around  an  axis  lying  in  the  vertical 
plane  of  fire,  keeps  the  same  part  to  the  front. 
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The  air  retards  the  movement  of  projectiles,  changes  their 
velocity,  and  diminishes  their  accuracy. 

When  a  spherical  bullet  is  fired  from  a  musket,  its  form  is  not 
changed  at  all.  But  if  fired  from  a  rifle,  after  having  been 
rammed  down  to  fit  the  grooves,  it  leaves  the  bore  flattened  in 
front,  and  somewhat  cylindrical  in  6hape.  This  form  increases 
the  resistance  of  the  air,  at  t!ie  same  time  that  the  curve  of  the 
trajectory  becomes  flatter,  on  account  of  the  air  supporting  the 
projectile.  Hence  result  less  velocity  and  range,  but  not  less 
accuracy.  The  rotary  motion  of  a  disk,  to  which  the  flattened 
bullet  approximates,  is  better  maintained  around  the  shortest  axis 
than  any  other,  and  when  the  motion  is  around  any  but  the  short- 
est, the  constant  tendency  is  to  return  to  this.  This  is  also  the 
case  with  elongated  projectiles,  unless  some  means  are  used  to 
prevent  it. 

When  moving  front  foremost,  these  experience  less  resistance 
from  the  air  than  spherical  balls  of  the  same  caliber,  especially  if 
these  last  be  flattened  by  ramming.  By  its  greater  mass,  the 
elongated  projectile  has  greater  power  to  overcome  the  resistance 
of  the  air.  Hence,  an  elongated  bullet  may  leave  the  bore  with 
less  velocity  than  a  spherical  one,  and  yet,  at  a  short  distance 
from  the  piece,  have  a  greater.  This  superiority  of  velocity 
will  cause  greater  penetration,  which  will  be  still  farther  increased 
by  the  pointed  form. 

In  order  to  have  a  rapid  rotary  motion,  without  too  great  an 
increase  in  the  inclination  of  the  grooves,  a  great  velocity  of 
translation  is  indispensable.  But  in  attempting  to  impress  a  great 
velocity  of  translation  on  a  spherical  bullet,  it  is  apt  to  "  strip,1* 
not  having  so  great  a  hold  on  the  groove  as  the  elongated  one  ; 
moreover,  as  this  last  loses  its  velocity  less  rapidly  than  the  spher- 
ical, less  initial  velocity  will  be  required  in  order  that  the  bullet 
may  have  the  necessary  velocity  of  fttation. 

The  motion  of  a  rifled  elongated  projectile  has  been  likened 
to  that  of  a  top  ;  and  the  analogy  is  great.  Could  this  toy  be  so 
constructed  that  its  centers  of  figure  and  gravity  accurately  co- 
incided, it  would  stand  alone  when  placed  vertically  on  its  peg ; 
but  as  this  construction  is  mechanically  impossible,  it  must  incline 
to  one  side  or  the  other.  If,  however,  a  rapid  rotary  motion  be 
given  to  it,  it  will,  whilst  its  axis  is  inclined,  describe  sjm-als  on 
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the  ground,  and  finally  assume  a  vertical  position,  until  the  rotary 
motion  is  exhausted,  when  it  falls.  When  in  inclined  positions, 
the  air  on  the  under  side  being  of  the  greatest  density,  tends  to 
force  the  top  up  until  it  reaches  the  vertical,  when  the  density  of 
the  air  being  equal  on  all  sides,  and  the  inequalities  of  the  top 
being  neutralized  by  the  rotary  motion,  it  stands  in  that  position 
until  the  rotary  motion  becoming  too  small,  to  fulfill  its  object,  the 
top  falls. 

The  same  is  the  case  with  the  rifled  projectile ;  and  if  its  longest 
axis  should  not  coincide  at  first  with  the  direction  in  which  it  is 
traveling,  its  point  will  describe  spirals  like  the  top  until  those 
lines  do  coincide,  if,  in  fact,  they  ever  do  so  accurately.  This 
spiral  motion  is  made  distinctly  evident  by  the  whistling  noise 
made  by  a  projectile  not  well  rifled.  The  irregularity  in  the 
motion  is  easily  detected  by  the  ear. 

The  projectile  cannot  move  through  space  in  a  right  line,  but 
in  consequence  of  the  action  of  gravity  and  the  resistance  of  the 
air,  it  must  describe  a  curve,  the  elements  of  which  change  direc- 
tion at  even'  instant.  In  order  that  the  point  of  an  elongated 
projectile  shall  strike  first,  the  axis  around  which  it  revolves  must 
be  continually  tangent  to  the  curve  of  the  trajectory.  This  will 
be  apparent  by  reference  to  Fig.  74. 


Fl(t.  74. 


Supposing  A  to  be  the  direction  in  which  the  projectile  leaves 
the  piece,  if  its  axis  should  remain  parallel  to  itself  in  all  its  posi- 
tions, it  would  at  length  reach  one  as  at  B,  where  its  side  being 
presented  to  the  pressure  of  the  air,  it  would  turn  over,  and  might 
a*fume  any  other  position,  as  C.  Rifling  such  a  projectile  will 
keep  it  in  the  vertical  plane  of  fire,  but  it  still  may  turn  over  in 
that  plane.  To  prevent  this,  circular  grooves  are  cut  upon  the 
cylindrical  part  of  the  projectile,  as  shown  in  72.  The  moment 
the  axis  fails  to  coincide  with  the  tangent  to  the  trajectory,  the 
air  acts  on  these  grooves  on  the  side  of  the  bullet  opposite  to  the 
one  on  which  the  point  is  deviating,  and  forcing  this  back  to  its 
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proper  position  (thus  noting  like  the  feathers  of  an  arrow),  keeps 
the  axis  coincident  with  the  tangent.  Such  being  the  wav  in 
which  the  elongated  bullet  travels,  the  resistance  to  its  passage 
through  the  air  is  evidently  a  minimum  for  that  sized  and  shaped 
body ;  the  loss  of  velocity  is  likewise  a  minimum ;  and  the  velocity 
when  it  strikes  is  the  greatest. 

From  what  precedes,  it  appears  there  are  three  principal  things 
to  be  considered  in  making  a  rifle. 

1st.  The  charge  of  powder. 

2d.  The  inclination  of  the  grooves ;  and 

3d.  The  diameter  and  form  of  the  projectile. 

In  connection  with  the  grooves,  should  be  considered — 

1st.  The  number. 

2d.  The  depth  and  width;  and 

3d.  The  form. 

The  number  of  grooves  should  not  be  less  than  two  ;  but  an 
uneven  number  is  the  best,  as  there  is  then  a  hind  opposite  each 
groove,  and  the  bullet  is  not  so  much  deformed  by  forcing  as  it 
would  be  were  two  grooves  opposite  to  each  other. 

The  number  adopted  in  our  service  is  three,  of  a  rounded  form, 
and  equal  in  breadth  to  the  lands ;  and  instead  of  being  of  uniform 
depth  throughout,  they  decrease  as  they  approach  the  muzzle,  the 
slope  being  the  same  in  all  arms ;  commencing  at  the  muzzle  with 
.005  inch  in  depth,  and  increasing  in  the  musket  at  the  breech  to 
.015.  They  are  uniformly  spiral,  and  make  in  the  long  pieces 
(muskets),  one  turn  in  6  feet,  and  in  the  short  ones  (pistols)  one 
turn  in  4  feet. 


Bullet*  for  altered  &!u*kett. 


Fig.  T5. 

Figures  75  and  76  represent  the  forms  and  dimensions  of  the 
pmjectiles  found  most  suituble,  and  adopted,  in  the  United  States' 
service. 
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JBuiUtt  for  new  Rijte-Mutket  and  PUtol  Carbine. 


No.  1.  Flj.  71  No.  2. 

The  No.  2  bullet,  Fig.  76,  is  necessary  for  use  with  the  pistol, 
on  account  of  the  less  charge  used  ;  the  force  of  the  powder  not 
beimz  irreat  enough  to  force  the  thick  6*ides  of  No.  1  into  the 
grooves.  The  two,  however,  differ  only  in  the  size  of  the  cavity 
and  af  course,  weight,  and  may  he  used  indiscriminately  if  neces- 
sary. 

Bv  placing  a  percussion  cap  on  the  point  of  these  elongated 
projectiles,  they  are  very  formidable  against  caissons,  etc.,  for 
blowing  them  up.* 

Almost  every  European  army  has  adopted  its  own  hind  of  rifle, 
the  different  arms  differing  from  each  other,  sometimes  very  essen- 
tially in  their  construction,  sometimes  only  in  the  lesser  details. 
Nearly  all  have  the  elongated  projectile ;  but  the  iron  culot  of 
Minie  has  been  for  some  time  abandoned  as  useless,  though  still 
retained  by  some.  The  English  use  a  wooden  plug  in  place  of 
the  culot  with  their  projectiles  which  are  transported  to  any  great 
distance,  as  to  India,  to  keep  them  from  becoming  deformed. 

Gekuant. — The  small  German  States  use  a  great  many  differ- 
ent rifles,  with  bullets  of  almost  every  conceivable  shape  and 
size,— some  round,  some  oblong ;  and  on  the  latter  the  grooves 
vary  in  number  from  one  to  four,  whilst  the  grooves  in  the  rifles 
vary  from  two  to  eight.    Some  of  these  States  use  the  common 


•  It  is  somewhat  remarkable  that  during  the  experiments  carried  on  in 
various  countries  with  a  view  of  perfecting  the  form,  A*c.,  of  the  elongated  bullet,  the 
oWovery  that  the  culot  could  be  dispensed  with,  and  the  bullet  forced  simply  from 
tli*  action  of  the  powdrr  in  the  cavity,  was  made  about  the  same  time  in  several 
tJiflr-rmt  place*,  and  without  the  experimenters  having  communicated  the  remit*  of 
•  heir  investigation*  to  each  other.  Thus,  in  England,  Belgium,  and  the  United 
the  discovery  wss  made  about  the  same  time.  In  this  country  it  wa*  a  result 
u(  a  suggestion  of  Mr.  Burton,  master  armorer  at  Harpers'  Ferry. 
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rifle,  with  the  ordinarv  ex^dndlnz  ball ;  while  others  have  the 
rifle  a  tige  ;  and  others  still  the  chambered  rifle. 

Prussia  still  retains  her  national  breech-loading  needle  gun, 
the  complicated  machinery  of  which  will  vet  have  to  give  place 
to  the  more  simple  constructions  of  the  age.  The  bnllet  of  this 
piece  is  peculiar  in  shape,  being  ogeval-shaped  in  front,  and  ter- 
minated in  the  rear  by  a  hemisphere,  a  little  less  in  diameter  than 
the  bullet,  which  has  no  grooves.  Prussia  has  also  in  use  the 
carabine  d  (iy?,  with  a  cylindro-conical  ball  :  and  a  rifled  mus- 
ket, which  carries  a  heavy  three-grooved  ball,  in  which  the  culot 
is  used. 

Brunswick. — The  two-grooved  rifle  and  belted  ball  introduced 
into  England,  and  of  which  the  Lancaster  rifle  is  a  modification, 
is  the  invention  of  Capt.  Berner ;  and  when  adopted  by  Brunswick 
was  of  a  somewhat  more  complicated  structure,  under  the  name 
of  the  oval  musket.  The  grooves,  which  were  broad  at  the  breech, 
decreased  in  width  as  they  approached  the  muzzle,  where  they 
finally  disappeared  in  the  oval  bore,  precisely  like  that  of  the 
Lancaster  rifle.  Spherical  balls  were  generally  used,  and  of  two 
6izes ;  the  smallest  being  used  with  a  patch,  the  largest  without. 

Hanovi±  at  first  adopted  the  Berner  system,  but  has  now  two 
models  ;  one  a  rifle-musket  a  tige,  the  other  a  rifle  a  tige  ;  both  of 
the  same  caliber  (0.62  in.).  The  musket  has  7  grooves,  the  rifle  8  ; 
and  the  barrel  of  the  latter  is  the  shortest.  Both  pieces 
appear  to  be  in  use  at  the  same  time  in  the  same  corps. 
In  the  musket  the  grooves  are  of  uniform  depth  ;  in  the 
rifle  they  vary  in  depth,  but  have  the  same  inclination 
as  in  the  musket.  The  projectile  used  with  these  pieces  £ 
is  of  a  peculiar  form,  and  is  represented  in  Fig.  77.  n&- 77- 

Stain  adopted  in  1852  a  four-grooved  rifle-musket,  0.60  in.  in 
caliber,  and  firing  a  culot  ball,  which  was  exchanged  three 
years  afterwards  for  a  ball  similar  to  Peeters',  Fig.  SI.  This  arm 
has  been  issued  only  to  a  part  of  her  troops. 

Russia  originally  adopted  the  two-grooved  rifle  and  girdled 
ball,  like  the  English ;  and  has  since  adopted  a  very  sharp-pointed 
oblong  ball,  with  a  button  on  each  side  which  fits  into  the  grooves, 
as  the  girdle  did  formerly.  She  also  uses  the  carabine  a  tige  and 
a  solid,  sharp-pointed  ball,  with  one  large  groove  near  the  base ; 
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an<l  of  late  years  has  been  busily  engaged  in  rifling  her  muskets, 
with  which  the  expansive  ball  is  used. 

SA.uDtKiA  has  a  chambered  eight-grooved  carbine,  on  Delvigne's 
principle,  which  fires  a  short,  thick-set  ball,  with  a  cylindrical 
body,  and  conical  front.  She  has  also,  6ince  1S54,  been  using  a 
four-grooved  rifle-musket,  with  a  stem,  which  fires  an  oblong  ball 
similar  to  ours,  but  solid.  She  has  lately  offered  a  large  reward 
f>r  the  best  military  arm  which  may  be  brought  forward,  and 
doe*  not  limit  the  inventors  to  the  citizens  of  her  own  territory. 

Swli>kn  uses  an  ordinary  carbine  transformed  into  the  "u  tiire," 
vith  a  bullet  like  that  the  French  originally  used  with  their  a  tige 
rifle.  The  piece  has  eight  grooves ;  but  only  a  portion  of  the  men 
in  each  company  are  armed  with  it.  She  has  also  a  complicated 
breech-loading  rifle-musket  ;  as  also  Norway,  whose  military 
administration  remains  distinct  from  that  of  Sweden,  notwith- 
standing the  union  of  the  two  countries  under  the  same  crown. 
TV  bullets  for  both  these  last  are  somewhat  similar,  being  elon- 
gated with  a  girdle  cut  out  near  the  base.  Sweden  is  also  pre- 
paring a  large  number  of  rifled  muskets  with  the  culot  ball. 

England. — The  rifles  in  use  and  experimented  upon  in  England 
are  of  a  great  many  different  kinds  and  calibers.  The  principal 
one  adopted  for  the  army  is  the  Enfield  rifle-musket,  manufactured 
in  the  government  establishment.  It  is  very  similar  to  our 
present  rifle,  with  three  wide  grooves.  With  it  is  used  tbe  Prit- 
chett  bullet,  which  is  more  rounding  and  full  in  front  than  ours, 
and  has  no  grooves.  A  culot  of  hard  wood  is  used  with  the  bullet, 
to  protect  its  form.  A  large  number  of  rifled  muskets  have  also 
ken  prepared  for  government  use. 

The  WnrrwoRTit  rifle,  one  of  the  principal  competitors  of  the 
Enfield,  has  a  bore  with  a  hexagonal  cross-section,  to  which  a 
twist  of  two  turns  in  the  length  of  the  barrel  (39  inches)  is  given. 
This  formation  imparts  a  very  rapid  rotary  motion  to  the  projec- 
tile, which  was  fir»t  made  of  a  hard  alloy  of  lead,  tin,  and  man- 
ganese,  very  long  and  of  the  same  cross-section  as  the  bore,  only 
tlijrhtly  reduced  of  course,  and  with  a  very  shallow  cavity  at  the 
base,  to  aid  expansion.  The  results  obtained  with  this  rifle  (which 
U  made  of  steel),  both  in  regard  to  accuracy  and  penetration,  are 
very  remarkable.  The  velocity  of  rotation  imparted  to  the  bullet 
is  immense,  and  is  said  to  reach  15,000  revolutions  in  a  minute. 
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This  must  necessarily  create  a  large  amount  of  friction  in  the  piece, 
and  a  great  development  of  force  in  the  powder,  necessitating 
more  strength  in  the  barrel ;  which  is  1  lb.  heavier  than  the 
Enfield,  both  being  of  the  same  length,  whilst  the  bore  is  much 
less,  being,  from  angle  to  angle,  0.49  in.,  and  from  side  to  side 
0.438.  The  diameter  of  the  Enfield  bore  is  0.577  in.  Strong 
objections  are  urged  against  the  Whitworth  as  a  military  arm,  on 
account  of  its  small  caliber ;  though  if  no  greater  fault  can  bo 
found  than  this,  it  ought  not  to  be  condemned,  as  will  be  demon- 
strated in  discussing  the  rifles  used  in  Switzerland.  Another  bul- 
let, made  of  lead,  and  circular  instead  of  hexagonal  in  its  cross- 
section,  and  hollow  at  the  base,  has  been  adapted  to  this  rifle,  and 
is  now  being  experimented  upon.  It  is  proper  to  state,  in  refer- 
ence to  this  rifle,  that  the  composition  bullets  used  with  it  were 
very  accurately  cut  in  a  lathe,  to  fit  the  gun.  The  rapid  twist  in 
the  bore  (once  in  20  inches)  would  render  it  very  difficult  to  load 
after  becoming  foul,  much  more  difficult  to  keep  in  repair  and 
free  from  dirt  and  rust,  than  a  more  smooth-bored  piece.  Its 
superiority  over  the  Enfield  rifle  in  point  of  penetration  is  said  to 
have  entirely  disappeared  on  using  in  the  Enfield  a  similar  com- 
position bullet. 

The  artillery  carbine  is  a  piece  similar  to  the  Enfield  rifle- 
musket,  of  the  same  bore,  but  shorter  (2  feet),  and  is  used  for 
arming  the  artillery.  The  Whit  worth  method  of  rifling  dates  as 
far  back  as  the  time  of  Louis  XIII. 

Tub  Lancaster  rifle  is  constructed  on  the  same  principle  as 
the  Lancaster  cannon,  but  is  not  by  any  means  so  signal  a  failure. 
The  bore  is  smooth ;  but  in  order  to  impart  the  rifle  motion  to 
the  projectile,  the  cross-section  of  the  bore  is  made  elliptical  or 
oval,  the  major  axis  being  only  .005  of  an  inch  greater  than  the 
minor ;  so  that  the  bore  being  given  a  certain  amount  of  twist, 
imparts  it  to  a  projectile  of  the  same  cross-section,  or  one  cylin- 
drical in  shape  and  expanded  in  the  bore  on  the  usual  principle. 
The  u gaining  twist"  is  used  with  this  rifle,  and  it  has  been 
reduced  from  one  turn  in  3  or  4  ft.  to  one  in  6  ft  6  in.  The 
grooves,  so  to  speak,  offer  less  opposition  to  the  action  of  the  pow- 
der than  in  an  ordinary  rifle,  and  the  ball  is  less  liable  to  "strip ;" 
but  the  irregular  form  imparted  to  it  is  objectionable,  although 
the  accuracy  obtained  with  this  rifle  is  said  to  be  very  satisfactory. 
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The  "bullets  first  used  were  of  a  form  to  fit  the  bore ;  but  they 
have  since  been  made  like  the  ordinary  expanding  projectiles, 
ainl  depend  for  the  rifling  upon  the  expansion  acquired  on  the 
explosion  of  the  powder. 

France,  originally  one  of  the  most  backward  powers  in  arm- 
ing her  troops  with  the  rifle,  stands  now  probably  the  first  in 
experience  and  efficiency  in  that  arm. 

Drlviyne^  by  placing  a  chamber  at  the  bottom  of  the  bore  of 
an  ordinary  rifle,  and  making  use  of  it  to  force  the  ball,  dropped 
hposely  into  the  bore,  did  away  with  the  great  objection  to  the  use 
of  rifles  in  war,  the  difficulty  of  loading  them,  and  gave  an  impe- 
tus to  investigations  with  regard  to  the  arm,  which  has  created  a 
]*rfect  revolution  in  the  system  of  arming  infantry,  by  leading  to 
the  present  efficient  weapon.    This  improvement  led  to  the  adop- 
tion, in  1S42,  in  the  French  army,  of  the  chambered  carbine  and 
rampart  rifle-musket  firing  spherical  balls. 

Thouvtnin  soon  followed  with  his  improvement  of  the  stem 
(tige)  in  place  of  the  chamber,  which  led  to  the  adoption  of  the 
c  inO/ine  d  tige  for  the  chasseurs  in  1853,  in  which  elongated  pro- 
jectiles were  early  tried  (solid  at  the  base  and  with  three  grooves), 
at  the  suggestion  of  Delvigne,  though  the  bullets  were  found  to 
fueeeed  better  in  this  arm  than  in  his,  in  which  they  had  been 
tried  some  years  before  in  Africa.    This  officer,  it  appears,  was 
the  first  of  recent  date,  in  France,  to  announce  the  fact  that  such 
bullets,  hollowed  at  the  base,  were  expanded  by  the  action  of  the 
pw,  and  forced  into  the  grooves;  though  no  practical  results  seem 
tu  have  flowed  from  the  discovery  until  some  time  in  1847,  when 
Capt.  Mi  nit  suggested  his  iron  culot  in  the  base  of  the  bullet, 
which  was  found  to  force  it  as  well,  if  not  better,  than  the  "  tige;" 
and  fi<Htn  afterwards  the  culot  was  left  out  altogether,  and  the 
projectile  was  forced  on  the  principle  announced  as  a  discovery 
four  years  before,  by  Capt.  Delvigne.    It  would  appear,  there- 
fore, that  Minie  is  not  without  competitors  for  the  honor  of  this 
imjiortant  invention;  for  Col.  Thiroux  claims  to  have  stated  the 
Fame  method  for  forcing  rifle-bullets  in  1845;  and,  in  England, 
Mr.  Greener,  after  in  vain  besieging  the  ordnance  department  for 
a  hearing,  announced  the  same  thing  in  1841,  six  years  before 
Minie,  and  two  before  Delvigne.     Mr.  Greener's  priority  of 
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invention  has,  he  says,  been  admitted  both  by  the  Emperor  Napo- 
leon, and  his  own  government ;  though  there  is  no  reason  to  sup- 
pose, as  Mr.  Greener  does,  that  MM.  Delvigne  and  Minie  copied 
from  him ;  for  the  real  fact  is,  that  the  idea  of  elongated  expansive 
bullets  was  no  new  one  in  France,  or  even  in  England,  as  mention 
is  made  of  them  in  both  countries  at  a  much  earlier  date.  Mini£, 
an  energetic  and  observant  lieutenant  of  chasseurs,  was  fortunate 
in  making  a  well-founded  suggestion  at  a  time  when  the  arm  and 
the  different  elements  of  a  system  were  in  the  most  favorable  con- 
dition for  deriving  benefit  from  such  an  idea;  and  Capt.  Minie  is 
certainly  entitled  to  all  the  credit  which  attaches  to  the  success  of 
his  suggestion  in  the  adoption  of  the  now  universally  denominated 
Minie  bullets. 

This  discovery  caused  the  stem  to  be  at  once  dispensed  with 
as  useless,  the  Minie  rifle  (/.  e.,  an  ordinary  rifle  of  any  kind 
firing  a  Minie  bullet),  became  the  favorite  of  the  new  arms, 
and  the  smooth-bored  musket  was,  by  the  simple  operation  of 
rifling,  transformed  into  the  long-range  rifle  (fusil-ray  e)  of  the 
imperial  guard,  and  is,  as  in  most  other  armies,  rapidly  extend- 
ing itself  as  the  arm  of  the  troops  of  the  line. 

Switzerland. — Of  all  the  countries  of  the  old  world,  this  is 
pre-eminently  the  country  of  the  rifle.  With  an  unrestricted 
right  to  bear  arms,  her  citizens  have  long  been  celebrated  for 
their  shooting-matches  and  proficiency  in  the  use  of  what  may  be 
called  their  national  arm ;  and  although  we  may  not  expect  to  find 
among  them  a  superlative  military  rifle,  it  is  natural  to  look  for 
one  possessed  of  very  superior  qualities  for  the  use  of  a  detached 

marksman.  Carbine.  Elfie-uiu»ket. 

The  new  federal  carbine  is  of  a  quite  recent 
origin,  having  been  adopted  in  1851,  after  a  series 
of  experiments  by  a  military  commission,  and  is 
remarkable  for  its  range  and  accuracy,  its  small 
calibre  (0.4  in.),  and  the  peculiar  form  of  its  bul- 
let, which  weighs  but  257  grains,  and  is  formed 
as  represented  in  Fig.  7S.  The  remarkable  Tis  '^ 
results  of  this  rifle  fired  with  02  grains  of  powder  will  be  seen  by 
the  following  table. 
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DIMKtMOXS  OF  THE 
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Tli is  arm  was  compared  with  many  other  rifles,  and  found  to 
have  a  marked  superiority  over  all  of  them  in  accuracy  ;  the  tra- 
jectory with  the  Wurstemberger  bullet  being  much  more  flattened 
than  with  either  the  French  rifle  with  a  culot  ball,  the  Bava- 
rian rifle  a  tige,  or  the  Swiss  carbine  when  a  spherical  ball 
was  used.  The  grooves,  eight  in  number,  were  narrow  and 
rounded  ;  and  so  satisfactory  were  the  results  that  the  piece  was  at 
once  adopted  by  the  Swiss  government.  The  ball,  which  is  used 
with  a  patch,  is  the  invention  of  Col.  Wurstemberger,  of  the 
Swiss  artillery. 

The  rifle-musket  adopted  60on  afterwards,  is  of  the  same  cal- 
iber as  the  carbine,  but  has  only  four  grooves,  and  carries  a  ball 
'  of  the  same  weight,  though  somewhat  different  in  form,  Fig.  78. 
This  piece  was  compared  with  a  number  of  others  of  different 
countries,  and  etill  maintained  its  superiority,  though  slightly 
less  in  accuracy  and  penetration  than  the  carbine  first  adopted. 

To  determine  whether  the  bullet  was  large  enough  for  practical 
purposes,  experiments  were  made  by  firing  at  the  body  of  a  horse, 
knocked  on  the  head  just  before  the  firing  commenced  so  that  the 
blood  and  warmth  of  the  body  were  retained  during  the  course  of 
the  experiments ;  which  resulted  in  completely  demonstrating  the 
perfect  capacity  of  the  rifle  for  disabling  an  enemy  to  the  degree 
required  on  the  field  of  battle. 

Austria,  like  most  of  Germany,  has  always  been  very  much 
in  favor  of  the  use  of  rifles :  and  as  soon  as  the  invention  of  Del- 
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vigne  became  known,  she  adopted  it  somewhat 
modified  by  Baron  Augustin,  nsing  with  this  Del- 
vigne-AugU6tin  rifle  a  cylindro-conoidal  ball  with 
a  girdle  cut  out  of  the  cylindrical  part,  Fig.  79. 
It  is  a  very  large  calibre  (0.7  in.),  and  has  12 
grooves;  and  though  the  barrel  is  only  about  26 
w.  _  inches  long,  the  arm,  without  the  bayonet,  weighs 
8£  lbs. 

Rifle d-Mcsket. — In  1855,  she  adopted  for  her  in- 
fantry of  the  line  the  rifled-musket,  and  one  cartridge 
for  all  small  arms,  the  ball  being  the  Lorenz,  or  modi- 
fied Wilkinson  ball,  weighing  450  grains,  Fig.  80. 
The  barrel  has  four  wide  grooves  equal  to  the  land, 
making  one  turn  in  83  inches,  and  is  37  inches  long. 
w^mT  Fig.  8a 
The  rtfa  d  tige,  which  has  now  replaced  the  Delvigne  in 
the  chasseurs,  is  used  in  those  corps  at  the  same  time  with  rifles 
from  which  the  tige  is  removed,  the  former  being  given  to  the 
non-commissioned  officers,  3d  rank,  and  the  best  marksmen  in  the 
battalion,  and  have  hausses  regulated  to  1200  paces.  The  others, 
which  differ  only  in  the  absence  of  the  tige,  are  regulated  only  to 
1000  paces.  These  rifles  differ  from  the  rifled-musket  only  in 
being  shorter  and  having  a  different  bayonet.  They  are  all  of 
.55  calibre.  They  have  been  found  very  accurate ;  but,  strange  to 
say,  the  rammer  is  carried  separated  from  the  piece,  which  is  very 
inconvenient. 

Bavaria  adopted,  in  1848,  a  rifle  a  tige,  or  rather  three, 
the  bores  of  which  differed  slightly  from  each  other,  and  all  are 
used  in  the  same  corps.  Three  different  sizes  of  balls  were  required. 
When  the  grooves  of  rifle  No.  1  became  worn,  the  piece  was 
repolished  so  as  to  increase  it  to  caliber  No.  2 ;  and  this  operation 
performed  on  No.  2  produced  the  caliber  No.  3.  The  rammer  had 
at  its  upper  end  a  wooden  knob,  to  assist  the  men  in  forcing  the 
ball  on  the  tige ;  and  the  rammer,  as  in  the  case  just  mentioned  in 
the  Austrian  service,  was  carried  separate  from  the  piece,  tied  to 
the  powder-flask. 

In  1852,  a  new  model  of  the  tige  rifle  was  adopted,  carrying  a 
ball  very  similar  on  the  exterior  to  our  present  rifle-ball.  This 
piece  was  provided  with  a  hausse,  so  arranged  as  to  correct  the 
error  arising  from  the  M  drift,"  an  invention  of  Capt.  Minie.  The 
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*li<ler,  as  it  rises,  is  made  to  follow  a  groove  formed  in  the  left 
hand  upright  of  the  haussc,  so  that  at  each  elevation  the  sighting 
notch  is  carried  to  the  left  a  distance  corresponding  to  the  devia- 
tion to  the  right  resulting  from  drift. 

The  firing  of  this  piece  was  very  accurate. 

Belgium,  so  celebrated  in  the  military  world  for  her  thorough 
and  practical  investigations  into  questions  relating  to  the  military 
art,  possesses,  in  her  manufacturing  establishment  at  Leige,  where 
many  European  states  have  arms  made,  great  facilities  for  taking 
advantage  of  every  improvement  which  appears.  She  adopted 
the  Delvigne  rifle  almost  at  the  same  time  as  France,  and  has  ever 
since  kept  up  her  experiments  in  such  a  way  as  to  remain  second 
to  no  nation  in  her  improvements,  and  in  some  things  far  ahead 
of  all. 

Iler  rifle  a  tige  differs  but  little  from  the  one  adopted  in 
France,  and  carries  a  bullet  similar,  on  the  exterior,  to  that  used 
in  our  service,  the  caliber  being  the  same  as  our  altered  musket, 
0.69  in.  ;  but  the  ball,  being  6olid,  is  somewhat  heavier  than  ours 
(756  —  730=26  grs).  The  grooves  are  4  in  number,  as  in  the 
French  rifle. 

The  rifled-musket,  adopted  soon  after  Minie's  in- 
vention, does  not  differ  essentially  from  the  corre- 
sponding French  ann,  and  is  of  the  same  caliber  as 
the  preceding  piece.  The  bullet,  however,  is  not 
Minie's,  but  the  invention  of  one  of  the  workmen  in 
the  Liege  arsenal  (Peeters),  and  is  somewhat  lighter 
than  the  bullet  for  the  rifle  a  tige,  in  consequence  of 
the  cavity.  (See  Fig.  SI.)  This  arm  is  somewhat  Fig.  ei. 
superior  in  accuracy  to  the  rifle,  and  is  adopted  for  all  the  Bel- 
gian infantry. 

De!OCakk  had,  as  early  as  1S29,  some  of  her  troops  armed 
with  rifles,  firing  spherical  balls.  But  little  is  published  in  regard 
to  her  present  armament,  though  she  has  used  cylindro-conoidal 
bullets  in  considerable  quantities. 

Rikled  Cannon*. — The  importance  of  applying  the  rifle  prin- 
ciple to  guns  of  large  calibre,  is  too  evident  to  need  any  explana- 
tion; and  many  and  various  have  been  the  attempts  made  to 
succeed  in  it,  but  up  to  the  present  without  any  degree  of  cer- 
tainty, although  much  progress  has  been  made.  The  importance 
of  the  question  is  much  enhanced  by  the  fact  that  the  moment  a 
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successful  plan  is  discovered,  the  great  problem  of  concussion  and 
percussion  shells  is  solved.  That  a  way  will  sooner  or  later  he 
discovered,  there  can  be  but  little  doubt. 

Large  projectiles,  being  made  of  iron,  cannot  of  course  be 
forced  into  the  grooves  of  a  gun  like  the  leaden  ball  of  small  arms. 
All  projectiles  designed  for  rifled  cannon  are  elongated  in  shape. 
Some  have  been  made  with  spiral  grooves,  or  projections,  on  the 
"  after  "  surface,  through  which  the  gas  as  it  rushed  produced  the 
rotary  motion  ;  others  have  these  grooves  on  the  fore  part  of  the 
ball,  and  the  rotation  is  produced  by  the  action  of  the  air  on 
them  as  the  ball  moves  forward  ;  but  although  the  effect  was  pro- 
duced by  these  two  methods  in  a  slight  degree,  the  force  of  rota- 
tion developed  was  not  sufficient  to  insure  tho  direction  of  the 
ball  with  any  certainty. 

Attempts  have  been  made  to  cast  on  the  outside  of  the  cylin- 
drical part  of  the  shot  some  softer  metal,  such  as  lead,  or  compo- 
sition, to  "  take  "  the  groove  and  give  the  necessary  rotation  ;  but 
it  has  invariably  been  found  that,  although  these  metals  take  the 
groove  at  first,  they  are  immediately  torn  to  pieces  and  off  the 
iron  part  of  the  shot  by  the  force  of  the  powder.  The  increase  of 
force  in  powder  cannot  be  calculated  upon  like  any  other  motive 
power;  and  because  a  leaden  projection  of  0.01  in.  will  hold  in  iU 
position  a  common  rifle-ball,  say  of  2  oz.  in  weight,  when  acted 
on  by  60  grs.  of  powder,  it  does  not  follow  that  the  same  effect 
will  be  produced  when  these  elements  arc  increased  a  hundred 
times,  much  less  when  they  are  increased  a  thousand  times.  This 
is  the  common  mistake  in  a  great  many  inventions  of  the  day. 
Large  breech-loading  guns  are  constructed,  with  no  other  protec- 
tion against  the  escape  of  gas  than  is  used  with  a  breech-loading 
rifle.  Such  inventions,  many  of  them  very  ingenious,  must  fail, 
from  the  simple  reason  that  they  are  not  so  calculated  as  to  with- 
stand the  tests  to  which  they  must  be  submitted  in  service. 
Breech-loading  cannon,  however,  have  been  made  to  work  suc- 
cessfully for  a  time,  like  that  of  Col.  Cavalli ;  but  they  are  gener- 
ally too  complicated  for  active  service. 

Several  were  recently  cast  at  tho  West  Point  Foundry  for  tho 
English  government,  the  breech-piece  of  which  alone  weighed 
several  tons,  and  was  moved  in  and  out  by  means  of  machinery. 
No  favorable  report  has  ever  been  received  of  them. 
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The  French  have  long  been  making  experiments  npon  a  can- 
non with  two  grooves,  having  an  elongated  projectile  with  buttons 
on  the  sides  to  fit  into  these  grooves ;  and  similar  pieces  have  been 
tried  in  this  country  at  Fort  Monroe  and  "West  Point ;  the  piece 
at  the  latter  place  bursting  after  a  few  rounds.  Increased  range 
and  accuracy  seem  to  be  attained,  but  no  dependence  can  be 
placed  on  them  for  any  length  of  time. 

The  English  Lancaster  gun,  which  was  brought  prominently 
into  notice  some  time  ago,  seems  now  to  have  proved  a  failure  and 
fallen  entirely  into  disuse.  To  convey  some  idea  of  the  form 
of  its  bore,  let  us  suppose  a  right  cylinder,  with  elliptical  bases 
fastened  at  one  end  so  it  cannot  move  with  the  longest  axis  of  the 
bases  in  a  horizontal  position.  Twist  the  free  end  of  the  cylinder 
around  until  the  longest  axis  of  that  base  is  in  a  vertical  position. 
Tliis  will  represent  the  bore  of  the  Lancaster  gun,  whose  cross- 
section  will  show  two  grooves,  so  to  speak,  but  so  gradually 
merging  into  the  bore  as  to  be  scarcely  discernible.  The  projectile 
Mas  elongated  and  ellipsoidal  in  shape,  to  fit  the  bore.  The  rifle- 
motion  is  produced,  but  not  always  with  certainty  ;  and  the  pieces 
are  very  liable  to  burst,  probably  from  the  projectile  becoming 
jammed  by  a  little  obliquity  in  the  bore.  The  same  principle 
lias  been  applied  to  small  arms,  with  much  better  success. 

The  most  satisfactorv  results  vet  obtained  in  this  countrv  are 

WW  w 

from  a  projectile  invented  by  Dr.  Reed,  of  Alabama,  in  which 
the  Minic  principle  is  used,  by  attaching  a  cup  of  wrought  iron 
to  the  back  part  of  an  elongated  projectile.  Iiy  the  explosion  of  the 
powder  the  malleable  iron  is  forced  into  the  grooves  of  the  gun, 
and  the  shot  is  rifled  perfectly,  if  the  connection  between  the 
wrought  and  cast  iron  holds.  This  has  been  the  great  difficulty  ; 
but  recent  experiments  seem  to  show  that  it  has  been  overcome. 

In  the  first  shot  made,  the  cup  was  of  the  form 
represented  in  Fig.  82,  having  a  round  hole  in  the 
bottom.  This  was  placed  upside  down  in  the  bot- 
tom of  the  mould,  and  the  melted  metal  poured  in, 
but  prevented  by  a  core  from  filling  any  more  of  the 
cup  than  to  a  certain  distance,  as  a.  The  wrought 
iron  was  thus  firmly  imbedded  in  the  cast;  but  n* sa. 
when  fired,  it  was  found  that  the  cast  iron  in  front  of  the  cup  was 
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split  off  as  represented  bj  the  broken  lines  in  the  figure,  releasing 
in  a  measure,  the  bottom  rim  of  the  cup,  and  separating  it  from 
the  shot.  It  was  found,  too,  that  where  the  cup  was  welded  on 
the  side,  the  parts  were  forced  apart  by  the  powder.  In  one 
case,  when  the  cup  had  been  made  very  shallow,  and  its  rim  pro- 
jected only  about  £  in.  behind  the  cast  iron,  the  whole  cup  came 
off  in  the  gun,  sticking  in  the  grooves ;  showing  enough  metal 
had  not  been  allowed  to  run  in  to  hold  it,  but  showing  also  how 
well  the  rifling  was  effected. 

To  remedy  these  defects,  the  cup  was  made  with 
an  entire  bottom,  and  then  several  holes  bored  in, 
through  which  to  allow  the  passage  of  the  metal. 
The  cast  iron  was  cut  away  around  the  shot  in  front 
of  the  cup,  so  as  not  to  allow  a  bearing  surface  to  push  off  the 
pieces.    This  was  a  great  improvement,  but  still 
does  not  succeed  as  perfectly  as  it  should  ;  and 
further  experiments  are  being  made,  to  work  out 
the  little  details,  such  as  thickness  of  iron,  &c,  to 
make  it  as  perfect  as  possible.    The  cup,  instead 
of  being  welded  as  before,  is  punched  by  machin- 
ery out  of  a  flat  piece  of  sheet  iron,  and  is  found 
to  answer  much  better.    The  shot,  as  improved,  is 
represented  in  Fig.  84. 

A  little  further  improvement  has  been  made, 
on  which  experiments  are  now  taking  place. 
This  consists  in  forming  the  projectile  and 
wrought  iron  cup  as  represented  in  Fig.  85, 
which  shows  the  form  of  a  12  pdr.  shell.  This 
construction  gives  even  more  satisfactory  results 
than  the  preceding;  and  it  is  thought  that  with 

some  changes  in  the  method  of  rilling  the  gun,   

more  perfect  ones  will  follow.  ^  ^ 

It  is  found,  in  using  these  shells,  that  they  do  not  ait  tirst  take 
the  grooves,  but  appear  to  slide  sideways,  sometimes  as  miuh  as 
an  inch  before  the  inclination  to  go  straight  out  is  overcome  by 
the  resistance  offered  by  the  part  of  the  cup  expanded  into  the 
grooves,  which  are  broad  and  three  in  number.  It  is  thought, 
from  this,  that  more  grooves  are  necessary,  and  that  they  should 
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be  increased  in  number  as  the  caliber  of  the  piece  increases.* 
The  projectiles  vary  in  form  somewhat  for  different  sized  pieces. 

Experiments  have  recently  been  carried  on  with  an  oblong 
iron  ball  having  a  recess  cut  from  the  cylindrical  part.  In  this 
recess  a  coating  of  lead  is  cast,  on  the  outside  of  which  is  secured 
a  covering  of  canvas  designed  to  prevent  the  grooves  from  lead- 
ing. Channels  lead  from  the  rear  of  the  shot  obliquely  into  the 
recess,  so  that  when  the  charge  is  fired  the  gas  passes  through 
them  under  the  lead  coating,  swelling  this  out  and  forcing  it  into 
the  grooves,  and  imparting  the  rifled  motion.  This  projectile  is 
said  to  have  given  very  accurate  firing  with  a  12-pdr.,  the  largest 
piece,  it  is  believed,  with  which  it  has  as  yet  been  tried.  It  has 
the  same  objection  that  lias  been  urged  against  all  compound 
shot,  viz.,  that  the  sheathing  will  break  loose  either  before  or 
after  leaving  the  gun,  and  the  projectile  will  not,  therefore,  be 
suitable  for  firing  over  the  heads  of  our  own  men.f  It  is  more 
than  probable  that  when  this  projectile  is  applied  to  pieces  of 
large  caliber,  the  lead  will  not  prove  strong  enough  to  produce 
the  necessary  rotation.  In  connection  with  this  subject,  it  may 
be  well  to  remark  that  shells  made  on  Dr.  Reed's  plan,  with  cups 
of  lead,  succeed  very  well  with  pieces  of  small  caliber. 

Tub  Armstrong  Gun. — Great  importance  lias  recently  been 
given  in  England,  to  this  newly  invented  piece,  which  has,  so  far, 
been  made  of  only  two  calibers,  both  small,  viz.,  2£  and  3i 
inches.  From  such  information  as  has  reached  this  country,  these 
pieces  seem  to  have  met  with  remarkable  success  both  as  regards 
range  and  accuracy.  No  very  detailed  and  authentic  description 
of  the  gun  has,  however,  as  yet,  been  received ;  and  but  from  the 
the  fact  of  so  much  importance  being  attached  to  the  invention, 
and  the  knighting  of  the  inventor,  it  might  appear  premature  and 
out  of  place  to  venture  any  opinion  or  description  of  it. 

It  appears,  from  the  imperfect  descriptions  received,  to  be  a 
breech-loading,  "built-up"  gun;  the  central  portion,  or  part 
around  the  bore,  being  formed  of  a  steel  tube  bored  out  and  rifled 

•  This  change  has  since  been  effected,  and  the  shells  are  now  no  longer  found  to 
•lip,  hut  take  the  groove*  perfectly,  and  in  consequence,  the  accuracy  of  fire  is  cor- 
respondingly improfed. 

f  Projectiles  similar  to  these  hare  been  experimented  upon  both  in  France  and 
England,  and  rejected  principally  on  this  account 
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with  forty  grooves,  making  one  turn  in  twelve  feet.  This  tube  is 
wrapped  spirally  with  wrought-iron  overlapping  and  welded 
together,  and  outside  of  this  is  another  wrapping  in  the  oppo- 
site direction  and  welded  like  the  other;  these  outside  tubes 
being,  in  fact,  formed  exactly  as  are  the  barrels  for  6mall  arms. 
The  objections  to  this  kind  of  a  barrel  for  large  cannon,  have  been 
noticed  elsewhere,  and  it  is  not  deemed  necessary  to  repeat  them 
here,  with  the  exception  of  remarking  that  the  more  the  mass  of 
metal  is  increased,  the  greater  will  be  the  difficulty  of  welding 
properly,  and  although  the  plan  may  succeed  well  for  light 
guns,  it  by  no  means  follows  that  it  will  be  equally  successful  for 
large  ones. 


Ftg.sei 

By  referring  to  Fig.  86,  the  method  of  loading  at  the  breech 
will  be  seen.  In  rear  of  the  bore,  and  extending  to  the  end  of 
the  piece,  is  a  threaded  opening  into  which  fits  a  screw  with  its 
axis  perforated,  and  an  arrangement  at  its  rear  end  for  turning  it. 
In  front  of  this  screw,  the  metal  of  the  gun  over  the  bore  is  cut 
away  so  as  to  form  a  recess  to  receive  a  block  of  metal,  which  is 
lifted  out  by  handles  attached  to  it.  This  block  is  represented  in 
Fig.  87,  and  is  solid,  with  the  exception  that  the  veiit  T  is  perfor- 
ated in  it,  opening  into  the  front  end.  This 
block  being  removed  from  the  gun,  the  pro- 
jectile is  placed  in  the  recess  and  rammed 
forward  into  its  position  by  a  bar  of  iron 
passing  through  the  opening  in  the  breech- 
screw.  The  cartridge  is  placed  in  in  the  same  way.  On  account 
of  the  crooked  vent,  the  cartridge  cannot  be  pierced  as  in  an  or- 
dinary gun ;  and  to  fire  it,  a  small  cartridge  is  placed  in  a  recess 
formed  in  the  front  end  of  the  block  (as  shown  at  D,  Fig.  87), 
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and  fired  in  the  usual  way  with  a  friction  tube.  These  breech- 
blocks  are  furnished  in  duplicate,  one  being  with  the  gun,  the 
other  carried  in  the  limber. 

If  the  breech-block  is  now  placed  in  position,  and  forced 
against  the  front  part  of  the  recess  by  the  breech-screw,  it  is  evi- 
dent that  although  the  gas  will  be  partially  cut  off,  its  escape  will 
not  be  entirely  prevented.  To  prevent  entirely  the  escape  of  gas, 
advantage  is  taken  of  the  expansibility  of  a  softer  metal,  such  as 
copper.  A  ring  or  short  cylinder  of  this  metal  is  let  into  the  rear 
end  of  the  bore,  and  forms  a  part  of  the  chamber  for  the  main 
charge  of  powder.  By  the  explosion  of  the  powder,  this  ring  is 
forced  into  the  joint  and  cuts  off  the  escape  of  gas. 

Another  description  of  this  gun  makes  no  mention  of  the 
recess  and  breech-block,  and  merely  describes  a  solid  breech- 
screw  which  is  supported  after  it  is  withdrawn  on  a  slide  which 
passes  under  the  gun.  But  the  above  is  believed  to  be  a  correct 
description  of  it,  as  mention  is  made  of  an  accident  which 
occurred  in  firing  one  of  the  pieces,  from  the  breech-screw  being 
left  loose,  and  the  block  blown  from  its  position. 

It  is  supposed  that,  like  all  breech-loading  pieces,  the  chamber 
is  larger  than  the  bore.  The  shot  originally  used,  was  covered 
throughout  with  lead;  but  this  is  now  replaced  by  two  projecting 
bands  (as  shown  in  Fig.  86)  which  are  forced  into  the  grooves  as 
the  shot  moves  through  the  bore. 

It  is  stated  that  two  fuzes  are  used  with  these  projectiles  :  one 
contained  wholly  within  the  shell,  and  essentially  a  concussion 
fuze;  the  other  communicating  from  the  outside,  and  partly  a  con- 
cussion, partly  a  time  fuze,  which  does  not  depend  upon  the  flame 
from  the  discharge  for  its  ignition.  In  the  latter,  fire  is  com- 
municated to  the  composition  column  by  means  of  a  6mall  quan- 
tity of  percussion  powder,  which  is  exploded  by  the  impact  of  a 
j>  -inted  steel  bar  let  loose  by  the  force  of  the  explosion ;  the  point 
:it  which  fire  is  communicated  to  the  column  of  composition  being 
regulated  by  a  cap  and  index,  probably  in  a  similar  manner  to 
that  laid  down  for  the  Breethaupt  fuze. 

The  results  said  to  have  been  obtained  with  the  Armstrong 
£-iin  are  very  remarkable.  It  is  stated  that  a  range  of  9,600  yards 
ha»  been  readied;  and  that  shot  after  6hot  may  be  depended  on 
for  striking  a  target  two  feet  square,  at  1,000  yards.  The  load- 
ing of  the  piece  is,  however,  necessarily  slow. 
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It  is  scarcely  fair  to  condemn  an  invention  before  the  inventor 
has  had  full  opportunity  to  test  it  thoroughly ;  but  if  the  above 
proves  to  be  a  correct  description  of  the  celebrated  Armstrong 
gun,  it  is  doubtful  if,  taking  all  things  into  consideration,  it  will 
ultimately  be  found  to  possess  such  marked  superiority  over  all 
other  cannon  as  is  claimed  for  it,  and  more  than  doubtful  whether, 
when  applied  to  guns  of  the  largest  calibers,  its  success  will  be 
any  thing  like  as  great  as  it  has  been  for  small  guns. 

Cavalli  Gun,  Fig.  88. — This  piece,  invented  by  Col.  Cavalli, 
of  the  Sardinian  service,  has  become  somewhat  noted  in  Europe 
as  a  breech-loading  rifle  of  some  success. 

The  chase  of  this  gun  does  not  differ  essentially  from  the  usual 
form  of  cannon ;  but  at  the  breech  the  piece,  instead  of  being 
round,  has  the  four 
sides  planed  off  60 
as  to  present  from 
the  rear  an  appear- 
ance of  a  square 
with  the  corners 
rounded  off.  It  is 
bored  throughout 
its  length,  and  ri-  . 
fled  with  two  flat 
grooves  with  round- 
ed edges.  The  rear 
of  the  chamber  is 
enlarged,  and  these 
grooves  being  con- 
tinued through  it,  although  shallower  than  in  the  chase,  are  deep 
enongli  to  receive  the  wings  or  projections  on  the  shot  and  hold  it 
up  till  it  reaches  its  scat  in  the  gun. 

Crossing  the  bore  at  right  angles,  with  its  front  face  perpen- 
dicular to  the  axis  of  the  piece,  a  wedge-shaped  opening  with  a 
rectangular  cross-section  is  cut.  It  is  for  a  32-pdr.  9.4  in.  deep, 
5.4  in.  wide  at  the  large  end,  and  3.7  in.  at  the  small.  Tins  open- 
ing receives  the  quoin  or  wedge  destined  to  close  the  breech  in 
rear  of  the  charge. 

The  wedge,  Fig.  80,  is  made  of  hardened  iron  or  steel,  and  of 
the  same  shape  as  the  part  of  the  opening  which  it  is  to  fit.  The 
wedge  shape  enables  the  bottom  of  the  bore  to  be  more  perfectly 
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closed,  and  prevents  the  escape  of  gas,  whilst  it  also  enables  the 
'reech-piece  to  bo  more  easily  moved  after  firing.   The  front  face 


Fig.  so. 


of  the  breech-piece  is  perpendicular  to  the  axis  of  the  piece,  whilst 
the  rear  face  makes  with  it  an  angle  whoso  tangent  is  l-8th,  the 
co-efficient  of  friction  of  the  hardened  iron  wedge  against  the  cast 
iron  of  the  piece.  By  means  of  this  disposition  and  keeping  the 
surfaces  in  contact  well  greased  or  moistened  according  as 
required,  the  breech-piece  is  found  after  firing  to  be  more  or  less 
:noved,  at  the  same  time  that  there  is  no  danger  of  its  being 
pushed  too  far  or  tlirown  out  of  its  place. 

The  breech-piece  is  provided  with  two  handles,  which  serve  to 
handle  it  in  pushing  in  and  withdrawing  it  from  its  position.  The 
large  handle  placed  on  the  right,  is  of  6uch  a  size  that,  when  the 
>»reech  is  open  and  ready  for  the  charge,  the  projectile  can  be 
passed  through  it,  the  lower  part  of  the  handle  supporting  the 
projectile,  and  guiding  it  through  the  breech  opening  into  the 
chamber.  To  the  large  handle  is  attached  a  small  chain  and 
hook,  the  latter  fitting  into  an  eye  screwed  into  the  top  of  the 
opening  on  the  right.  This  chain,  when  the  breech  is  being 
opened,  arrests  the  quoin  when  the  opening  in  the  large  handle 
c  omes  opposite  the  bore.  When  the  charge  is  introduced,  the 
cannoneer  on  the  left  pushes,  and  ti  e  one  on  the  right  pulls  each 
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by  his  handle,  and  the  quoin  comes  back  to  the  proper  position 
for  firing.  In  case  any  forcing  is  necessary,  cither  for  this  or  to 
move  it  after  the  piece  is  fired,  a  mortise  is  formed  in  the  rear 
face  of  the  quoin  to  receive  the  square  end  of  a  large  iron  hand- 
spike. It  is  not  generally  found  necessary  to  use  this  lever  ex- 
cept for  the  last-named  purpose.  In  order  to  diminish  the  adhe- 
sion of  the  parts,  three  points  are  placed  under  the  lower  face  of 
the  quoin,  which  keep  the  quoin  at  the  proper  height  in  the  cut. 

Cut-Off. — To  cut  off  the  escape  of  gas,  a  ring  of  hammered 
copper  is  used,  similar  to  the  one  in  Armstrong's  gun.  The  cross- 
section  of  this  ring  is  about  one  inch  square.  A  recess  for  it  is 
cut  out  of  the  gun  at  the  rear  part  of  the  bore,  the  inner  diameter 
of  it  being  greater  than  the  outer  one,  in  order  to  retain  it  in  posi- 
tion. The  ring  projects  about  J  in.  behind  the  bore,  and  is 
pressed  against  by  the  quoin  when  in  position.  The  interior  dia- 
meter is  the  same  as  that  of  the  chamber,  and  corresponding 
recesses  are  cut  in  it  to  allow  the  passage  of  the  shot-flanges. 

The  Projectile. — Two  projectiles  have  been  used  with  this 
piece,  both  oblong,  but  differing  in  the  front  part,  one  being  con- 
ical, the  other  ogee-shaped.  They  are  made  entirely  of  iron,  and 
have  two  flanges  or  wings,  properly  inclined  to  suit  the  grooves, 
and  extending  from  the  rear  to  a  short  distance  in  front  of  the  cyl- 
indrical part,  for  the  purpose  of  preventing  as  much  as  possible  the 
oscillations  of  the  projectile,  resulting  from  the  windage,  which  is 
not  destroyed  in  this  piece.  With  the  same  object  two  other 
short  flanges  are  placed  at  the  junction  of  the  cylindrical  and  con- 
ical portions,  just  thick  enough  to  allow  their  entrance  into  the 
bore,  leavingybr  them  a  windage  of  .015  in. 

Loading. — The  quoin  having  been  pushed  to  the  left  until 
Btopped  by  the  chain,  the  projectile  is  introduced,  with  the 
flanges  in  the  grooves,  and  pushed  in  with  a  rammer  until  a  stop- 
per on  the  handle  of  the  latter  strikes  against  the  breech,  and 
shows  the  shot  is  in  the  proper  position.  The  charge,  inclosed  in 
strong  paper,  is  then  pushed  in,  raising  it  slightly  to  pass  it  over 
the  connection  between  the  large  and  6mall  parts  of  the  ])ore. 
After  this  a  culot  is  put  in.  This  culot  is  a  block  of  wood,  the 
outer  surface  of  which  is  turned  with  a  shoulder,  so  that  the  ftvnt 
part  of  the  culot  enters  the  small  part  of  the  bore,  immediately 
in  rear  of  the  cartridge.   The  object  of  this  culot  is  principally  to 
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receive  the  residue  of  the  powder,  and  keep  it  from  soiling  the 
front  face  of  the  quoin.  It  has  a  recess  and  thread  of  a  screw  in 
the  rear,  and  is  placed  in  the  gun,  and  taken  from  it,  by  screwing 
into  this  a  handle,  which  has,  near  the  end,  a  sponge  used  to  wet 
the  parts  when  loading.  The  culot  being  in  position  and  the  han- 
dle withdrawn,  the  quoin  is  jerked  back  to  its  position  by  the 
cannoneers  acting  on  both  the  handles.  After  the  piece  is  fired, 
the  quoin  is  forced  back  with  the  handspike,  the  culot  withdrawn 
by  screwing  in  its  handle,  and  plunged  into  water  without  de- 
taching the  handle,  when  it  is  ready  for  the  next  charge.  The 
parts  should  all  be  well  washed  and  greased  after  firing. 

Cavalli  designs  this  piece  more  particularly  for  casemate  bat- 
tery, or  positions  where  it  can  be  protected  by  blindages  and 
(  overs  of  different  kinds.    He  has  suggested  a  method  of  covering 
::iem  from  an  enemy's  fire  by  revetting  the  front  of  the  battery 
-a-ith  guns  of  the  old  pattern,  with  their  muzzles  planted  in  the 
ground  and  sloping  backwards.    For  field  artillery  it  is  recom- 
mended to  use  rifled  guns,  but  not  with  the  breech-loading  appar- 
itus.    The  French  rifled  gun  now  in  use  in  Italy  is  supposed  to 
-e  something  of  this  kind,  with  two  or  four  grooves  of  a  form 
-imilar  to  those  used  in  the  Cavalli  gun,  but  merging  into  the  bore 
liore  gradually. 

French. — The  French  have  a  rifled  30-pdr.  (corresponding  to 
»nr  32-pdr.),  with  two  grooves.   The  projectile,  which  is  oblong, 
instead  of  wings  or  flanges,  two  buttons,  as  before  mentioned, 
fhese  allow  too  much  oscillation  in  the  bore,  causing  the  shot  to 
vorjgre,  and  either  break  it,  or  burst  the  piece.    These  oscillations 
t  the  shot  in  the  bore  probably  were  the  cause  of  the  deviations 
[•served  in  the  firing;  and  it  has  been  estimated  that  with  a  wind- 
of  0.079  in.,  the  angle  of  departure  of  the  shot  may  be  changed 
7',  and  the  lateral  deviation  reach  Tfj  of  the  range.    On  the 
ther  liand,  too  great  a  reduction  of  the  windage,  by  not  allowing 
utlicient  play  to  the  shot,  is  apt  to  cause  it  to  break. 

Belgium. — Recent  experiments  have  been  made  in  Belgium, 
liich,  from  modifications  in  the  form  and  curve  of  the  groove, 
iid  in  the  wings  of  the  shot,  have  indicated  great  improve- 
:cnts. 
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Tlie  form  of  groove  first  used, 
Fig.  90,  was  too  open,  allowing 
but  little  support  to  the  buttons, 
and  permitting  them  to  twist  out 
and  break.  The  dimensions  in 
the  figure  were  those  used  in  an 
18-pdr. 

The  form  U6ed  by  Cavalli, 
Fig.  91,  is  considered  preferable 
to  the  other,  if  the  edges  where 
it  joins  the  bore  were  somewhat 
rounded  off.  The  depth  of  this 
groove  is  0.315  in.,  and  its  outer 
opening  1.26  in.  The  bottom  of 
the  section  is  an  arc  of  a  circle 
concentric  with  the  bore,  and  is 
joined  on  to  the  bore  with  arcs  of 
0.315  in.  radius.  The  width  of 
the  grooves  is  so  calculated  as  to 
give  6uflicient  thickness  to  the 
wings  of  the  shot  to  resist  the 
force  of  the  charge.  The  width 
stated  (1.20*  in.),  was  used  in  a 
30-pdr.  The  Belgium  18-pdr. 
groove,  although  greater  in  width  (2.048  in.),  caused  the  shot  to 
break,  in  spite  of  the  less  twist  given,  probably  from  its  defective 
form.  By  simply  increasing  the  width  of  the  Belgium  groove. 
Fig.  90,  and  merging  it  gradually  into  the  bore,  a  gun  similar  to 
Lancaster's  would  be  produced  ;  and  it  is  more  than  probable  that 
the  same  cause  which  is  assigned  for  the  breaking  of  the  projec- 
tile in  the  Belgium  gun  existed,  though  to  a  greater  extent,  in  the 
Lancaster.  The  groove  in  the  latter  gun,  however,  was  a  pro- 
gressive helix,  whilst  that  in  this  is  a  uniform  one. 

Projectile. — During  Cavallrs  experiments  with  the  30-pdr., 
the  wings  of  his  shot  were  partly  cut  off,  so  as  to  leave  them  only 
0.118  in.  long,  and  it  was  found  that  these  buttons  sustained  the 
force  of  the  powder  as  well  as  the  entire  wings.   The  Belgians 
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formed  their  firnt  hhot  on  this  plan,  constructing  it  as  shown  in 
Fig.  '.''2,  hut  making  the  outer  siilc  of  the  button  a  curved  surface 
in  both  directions,  so  that  hut  a  few  points  in  each  came  in  con- 
tact with  the  pun,  the  windage  ullowe<l  the  button!  being  <>.o7U 
in.  Tlie  shot  moved  freely  ftbout  in  the  gun,  and  did  not  give  as 
good  results  as  Cavalli's  shot. 

In  order  to  steady  the  shot  in  the  bore,  it  is  suggested  by  ('apt. 
Gillion,  of  the  Itclgian  artillery,  to  construct  it  an  represented  in 
Fitf.  93,  with  two  or  four  yw/n»  of  buttons  place* I  on  the  front  and 
rear  ends  of  the  cylindrical  part  of  the  shot.  Two  pair*  would 
give  more  stability  than  two  single  buttons  ;  and  by  placing  four 
grooves  in  the  pin,  and  four  pairs  of  buttons  on  the  shot,  still 
greater  stead  i  now  Would  be  attained,  and  the  pre^-nrc  against  the 
buttons  more  uniformly  <li-trif.ut.il.  The  Ainu  and  dimension* 
of  the  buttons  are  sufficiently  explained  by  the  figure. 
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Grooves. — The  experiments  in  Belgium  have  developed  certain 
facts  in  regard  to  the  kind  and  length  of  helix  most  appropriate 
for  rifles,  which  are  of  great  importance.  Hie  velocity  of  rota- 
tion is  directly  proportional  to  the  caliber  and  the  velocity  of 
translation,  and  inversely  as  the  length  of  the  helix.  The  velocity 
of  rotation  in  the  bore  increases  progressively  from  the  action  of 
the  velocity  of  translation,  which  makes  the  shot,  in  equal  times, 
pass  over  portions  of  the  helix  which  become  more  and  more 
extended  as  it  approaches  the  mouth  of  the  piece,  at  which  point 
it  has  its  maximum  velocity.  After  the  shot  leaves  the  piece,  the 
velocity  of  translation  diminishes  very  fast,  whilst  that  of  rotation 
does  so  much  more  slowly,  and  this  fact  may  enable  both  direct 
and  ricochet  firing  to  be  successfully  made  from  the  same  piece  ; 
in  which  case  the  inclination  of  the  groove  should  be  so  regulated 
that  the  smallest  charges  would  produce  the  necessary  amount  of 
rotation,  and  the  largest  ones  not  be  destructive  either  to  the  piece 
or  its  projectile.  For  a  piece  to  be  used  only  in  direct  firing,  the 
helix  should  be  such  as  to  insure  only  the  amount  of  rotation 
necessary  to  direct  the  shot,  in  order  that  the  grooves  may  be  as 
little  injured  as  possible. 

There  can  be  no  doubt  that  each  piece  has  a  certain  length  of 
helix  with  which  it  will  give  more  favorable  results  than  with  any 
other ;  but  experiment  goes  to  show  that  a  considerable  variation 
can  be  made  from  this  particular  length  without  producing  any  great 
differences  in  the  results.  It  was  first  laid  down  as  a  law  that  the 
length  of  helix  for  different  calibers  should  be  proportional  to  the 
calibers,  and  consequently  that  when  once  the  best  length  for  any 
particular  caliber  was  determined,  the  length  for  any  other  piece 
could  be  calculated ;  but  this  law,  as  it  leaves  out  of  consideration 
two  important  circumstances,  is  not  exactly  correct. 

1st.  The  difficulty  which  the  projectile  experiences  in  following 
the  grooves,  increases  in  proportion  as  the  calibers  increase,  since 
there  is  at  the  same  time,  with  equal  initial  velocity,  an  increased 
moving  force  both  of  translation  and  rotation. 

2d.  The  moving  force  of  rotation  will  be  preserved  in  direct 
proportion  to  the  size  of  the  caliber,  since  the  resistance  of  the  air 
acts  in  direct  proportion  to  the  surfaces,  and  in  inverse  proportion 
to  the  volumes  of  the  projectiles. 

Hence  it  follows : — 

1st.  That  the  velocities  of  rotation  of  similar  projectiles,  of 
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■iifferent  calibers,  will  be  to  each  other  inversely  as  the  calibers ; 
and 

2J.  That  the  inclination  of  the  helices  will  be  proportional  to 
the  preservation  of  the  velocities  of  rotation. 

The  lengths  of  the  helices  will  be  to  each  other  as  the  squares 
of  the  calibers.  This  appears  to  be  more  correct  than  the  hypo- 
thetical law  first  stated. 

To  demonstrate  this  fact,  call  II  and  h  the  lengths  of  helices 
:".>r  two  pieces,  whose  calibers  are  D  and  d;  ad  the  angles  of 
inclination  of  the  helices  upon  the  developed  surfaces  of  the  bores. 

V  V 

Suppose  Y  to  be  the  initial  velocity,  in  both  cases,  -jj  and-^-  will 

r.  present  the  number  of  turns  per  second  made  by  the  two  pro- 
Y  V 

j'.ctiles,  &nd  j2*Z>  and  -j-*d  the  velocity  of  rotation  on  the  surface 
"f  the  cylinders. 

y 

By  the  first  proposition  we  have  jjn^ 

and  hence  II:  h  ::  D1 :  d1. 
By  the  second  proposition, 

tang,  a  :  tang,  a'  : :  D  :  d  or  ^ :  ~  : :  Did 

and  hence  7/ :  h  : :  D*  :  d*. 

The  first  law  would  give  the  same  inclination  of  the  helix  for 
all  pieces,  whereas  this  one  shows  that  the  length  of  helix 'should 
increase  in  a  greater  proportion  than  the  caliber,  which  would 
make  the  inclination  less  for  the  large  calibers. 

Cavalli's  experiments  in  Sweden,  with  a  30-pdr.  (6.5  in.),  gave 
good  results  with  two  lengths  of  helix — one  33.01)  feet;  the  other 
12.37  feet  long.  By  calculating  from  the  preceding  formula,  the 
length  of  helix  corresponding  to  our  24-pdr.  (5.82  in.),  lS-pdr. 
<:..3),  12-pdr.  (4.62),  and  C-pdr.  (3.07),  we  have— 


rd::  i7:d 


1 

1  30-jnlr. 

24  [*lr.  , 

18-pJr. 

12-p«lr. 

6-pJr.  , 

1  11  =  33.9'.' 
'  11=12  31 

K.oL  j 
27 .  24 
•.♦.91  1 

22 .  59 
8.22 

Kvo». 
17.17 

rt .  29 

iO.« 

S .  92  i 

which  we  may  take  as  the  limits  between  which  the  length  of 
11 
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helix  should  be  comprised.  It  will,  however,  be  better,  for  firing 
with  large  charges,  to  approach  the  larger  limit  in  preference 
to  the  smaller,  in  order  to  lessen  the  drift  and  preserve  the 
grooves. 

The  experiments  with  the  lS-pdr.  (5.41.),  and  a  helix  of  19.6S5 
feet  in  length,  gave  more  favorable  results  than  with  either  lti.4o 
feet  or  13.12  feet.  The  lengths  corresponding  to  this  for  our 
24-pdr.,  12-pdr.  and  C-pdr.,  would  be  2*2.77  feet,  14.34  feet,  and 
i).06  feet.  Various  lengths,  from  25  to  100  feet,  have  been  used 
in  the  United  States  ;  but  as  yet  no  systematic  experiments  have 
been  made  to  determine  the  best. 

With  regard  to  the  kind  of  helix  best  adapted  for  rifles,  it  is 
now  well  established  that  the  uniform  is  the  most  suitable. 

The  progressive  helix  acts  favorably  only  with  small  charges. 
This  kind  of  helix  appears  at  first  sight  more  favorable  than  the 
uniform  one,  for  the  passage  of  the  projectile  along  the  grooves  ; 
but  as  the  velocity  of  rotation  increases  with  that  of  translation, 
and  the  latter  continues  to  increase  until  the  mouth  of  the  piece 
is  reached,  it  is  evidently  easier  for  the  projectile  to  enter  an 
inclined  groove  at  the  commencement  of  its  movement,  when 
its  projectile  force  is  small,  than  to  follow  one  whose  inclina- 
tion is  greater  in  proportion  as  the  velocity  of  translation  in- 
creases. 

This  reflection  caused  the  trial  of  one  of  these  grooves  reversed, 
that  if,  with  its  greatest  inclination  at  the  bottom  of  the  bore,  but 
the  results  obtained  were  very  indifferent,  and  caused  its  prompt 
abandonment.  Both  the  progressive  and  retrogressive  groove  is 
found  to  deform  the  indentations  on  a  bullet ;  whilst  in  passing 
over  the  uniform  groove  the  impressions  remain  undamaged,  and 
the  projections  follow  the  grooves.  So  far,  the  progressive  groove 
in  cannon  gives  indifferent  results. 

Whilst  experiments  are  going  on  in  this  country  with  regard 
to  rifled  cannon,  it  would  be  well  to  find  the  best  length  of  helix 
between  the  limits  laid  down  on  page  153,  for  any  one  gun,  and 
then,  by  experiments  on  other  pieces,  show  whether  the  rule  in 
regard  to  the  lengths  varying  in  proportion  to  the  square  of  the 
caliber,  holds  good. 
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CHAPTER  V. 

PROJECTILES. 

The  projectiles  first  used  in  artillery  were  irregular  in  form, 
and  consequently  very  inaccurate  in  their  fire ;  and  it  was  not 
long  before  the  advantages  of  the  spherical  form  were  demon- 
strated. 

The  Sphere  presents  the  minimum  surface  for  a  given  volume ; 
and  the  -wind,  which  causes  so  much  inaccuracy  in  elongated  pro- 
jectiles, has  comparatively  but  little  effect  on  the  round  one, 
which,  having  its  centers  of  gravity  and  figure  more  nearly  co- 
incident than  any  other,  presents,  when  it  rotates,  an  equal  surface 
always  to  the  action  of  the  air.  If  it  strikes  any  object  in  its 
flight,  it  is  less  deflected  from  its  course  than  one  of  any  other 
form  ; — an  important  fact,  since  ricochet  firing  is  of  great  import- 
ance in  war,  it  being  sometimes  the  only  means  of  reaching  an 
enemy  behind  obstacles. 

Oblong. — When  the  design  is  to  strike  an  object  direct,  how- 
ever, the  sphere  is  no  longer  the  most  advantageous  form.  For, 
by  making  the  projectile  elongated  and  pointed,  the  resistance  of 
the  air  is  very  much  diminished  ;  and  additional  weight  can  be 
added  without  increasing  the  cross-section  of  the  projectile  ;  thus 
increasing  its  power  of  overcoming  the  resistance,  and  the  pene- 
tration of  the  projectile  when  it  strikes. 

Taking  the  most  approved  form  for  elongated  projectiles,  the 
resistance  to  it  is  found  to  be  about  $  of  that  offered  to  a  spheri- 
cal ball  of  the  same  diameter.  The  resistance  to  the  spherical 
ball  is  £  of  what  one  of  its  great  circles  would  experience.  So 
that  the  resistance  to  a  projectile  moving  point  first  is  just  \  of 
what  it  would  be  were  it  moving  with  the  base  to  the  front.  The 
resistance  increases  as  the  surface  against  which  it  acts  becomes 
more  nearly  perpendicular  to  the  direction  of  this  resistance. 
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Ilence,  if  the  projectile  becomes  flattened  by  the  rammer  in  load- 
ing, the  resistance  is  very  much  increased. 

Stone  balls  were  first  used,  but  were  found  too  brittle  to  resist 
the  force  of  powder,  and  not  sufficiently  dense  to  produce  the 
proper  effect  when  striking. 

Leaden  balls,  although  more  dense  and  less  brittle  than  stone, 
cannot  be  used  in  large  guns  on  account  of  the  softness  of  the 
metal,  and  the  ease  with  which  their  form  is  changed  when  strik- 
ing against  objects  offering  even  but  slight  resistance.  Conse- 
quently, lead  can  be  used  advantageously  only  in  small  arms,  and 
against  animated  beings. 

Iron. — The  use  of  iron  in  the  manufacture  of  balls,  dates  from 
the  XIV.  century.  The  density  and  resistance  of  this  metal 
allow  the  use  of  large  charges.  Consequently  the  effect  of  the 
ball  is  much  greater,  and  it  has  an  effect  on  stone  walls  vastly 
superior  to  stone  balls. 

Shells. — Soon  after  the  adoption  of  iron  balls,  attempts  were 
made  to  throw  explosive  globes,  designed  to  act  against  an  enemy 
behind  his  works.  The  first  mention  made  of  them  is  at  the  siege 
of  St.  Boniface,  Corsica,  in  1421.  They  were  formed  of  two  hol- 
low hemispheres  of  stone,  or  bronze,  joined  by  means  of  a  hinge, 
a  circle  of  iron,  and  keys.  The  fuze  to  this  rude  shell  consisted 
of  a  sheet-iron  tube,  inclosing  the  priming,  and  riveted  to  one  of 
the  hemispheres.  These  were  succeeded  by  shells  cast  in  a  single 
piece,  either  of  bell-metal  or  iron,  possessing  much  more  solidity 
than  the  others,  which  often  burst  before  leaving  the  piece. 

Canister. — In  firing  against  masses  of  troops  at  short  dis- 
tances, the  advantages  of  a  divided  projectile,  such  as  to  strike  a 
number  of  points  at  the  same  time,  was  early  seen.  The  first  used 
consisted  of  a  box  filled  with  old  scrap-iron,  which  soon  gave 
place  to  small  iron  balls,  which  of  course  carried  further,  and  had 
many  other  advantages.  Gibbon  mentions  the  use  of  such  canis- 
ters at  the  defense  of  Constantinople  in  1453  ;  and  the  grape-shot, 
canister,  and  spherical  case  or  shrapnell,  of  the  present  day,  are  all 
modifications  of  them. 

Projectiles  are  divided  into  two  general  classes,  viz.  solid  shot 
and  hollow  shot  or  shells. 

Solid  Shot  are  divided  into  halls,  or  those  used  in  heavy  guns, 
and  lulhts,  which  are  used  with  small  ones.    Solid  shot  being 
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more  dense  than  shells,  are  much  more  accurate  in  their  fire, 
especially  at  great  distances.  They  have  greater  power  of  over- 
euining  the  resistance  of  the  air,  and  consequently  greater  velocity 
and  penetration  when  they  strike.  They  are  made  of  cast  iron, 
and  used  principally  in  guns.  Their  fire  increases  in  accuracy 
and  range  as  the  size  or  caliber  increases. 

The  resistance  of  the  air  is  the  principal  cause  of  the  decreased 
velocity  and  accuracy  of  balls.  This  resistance  is  proportional  to 
the  surface.  A  ball  twice  the  size  of  another,  meets  with  much 
greater  resistance  ;  but  its  weight  is  8  times  as  great,  which 
enables  it  to  overcome  that  resistance  with  greater  ease. 

Two  projectiles  moving  with  the  same  velocity,  the  retarding 
force  will  be  proportional  to  their  surfaces,  or  to  the  squares  of 
their  diameters.  But  the  velocity  which  will  produce  this  retard- 
ing force  is  equal  to  the  force  divided  by  the  mass  of  the  projee- 

tile(  J^=— ,  6ince  F=  MV),  which  is  itself  proportional  to  the 

cube  of  the  diameter  into  the  density.  Hence  the  losses  of 
velocity  caused  by  the  resistance  of  the  air  in  the  two  projectiles, 
are  proportional  to  the  squares  of  the  diameters  divided  by  the 
cubes  of  these  diameters  into  the  densities,  or  inversely  propor- 
tional to  the  diameters  into  the  densities. 

With  the  same  densit}',  but  different  diameters,  the  loss  is 
inversely  proportional  to  the  diameter;  and  the  largest  ball  loses 
the  least.  Consequently,  for  great  ranges,  large  balls  must  be 
used. 

AVith  the  same  diameter,  but  different  densities,  the  most 
douse  loses  the  least,  so  that  dense  projectiles  have  the  greatest 
range. 

And  finally,  in  order  that  two  balls,  moving  with  the  same 
velocity,  shall  meet  with  the  same  resistance,  the  respective  pro- 
ducts of  their  diameters  by  their  densities,  must  be  equal  to  each 
<.thcr.  Thus,  in  order  that  a  cast-iron  ball  shall  experience  the 
same  resistance  as  an  ordinary  musket  bullet  of  0.(35  inch  in 
diameter,  both  having  the  same  velocity,  we  must  have  the  fol- 
lowing relation : 

x  x  7.207=0.05x11.352, 

in  which  x  is  the  diameter  of  the  iron  ball;  7.207  is  the  density 
of  iron,  and  11.352  is  the  density  of  lead.    Deducing  the  value  of 
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x.  we  have  x=  — 3  *  *}'?°-  =  l.Q2.  or  a  little  over  one  inch.  The 
'  7.207 

weight  of  such  a  ball  would  bc=^(1.02)\2G07=.145  lu-  or  6ome- 

thing  over  two  ounces,  instead  of  about  one  ounce,  which  is  the 
weight  of  the  musket  bullet.  Hence,  cast-iron  bullets  for  mus- 
kets would  be  inferior  to  leaden  ones,  as  their  loss  of  velocity  is 
greater  and  the  deviations  more  considerable ;  wherever,  therefore, 
balls  are  used  approaching  the  size  of  the  musket  bullet,  lead 
is  the  best  material. 

Spherical  projectiles,  to  be  serviceable,  should  offer  sufficient 
resistance  to  the  action  of  the  powder,  in  order  that  the  initial 
velocity  to  be  given  them,  may  be  great  enough  to  produce 
the  necessary  results,  such  as  penetration,  &c.  They  should  be 
as  near  spherical  as  possible ;  homogeneous  in  their  structure ; 
have  their  centers  of  gravity  and  figure  as  near  together  as  pos- 
sible; be  as  dense  as  possible,  present  no  roughness  on  the  sur- 
face, which  would  be  liable  to  injure  the  piece ;  and  if  hollow, 
should  have  capacity  to  hold  sufficient  powder  to  fulfill  the  ob- 
ject for  which  they  are  fired. 

The  resistance  ottered  by  the  air  to  shells,  decreases  as  the 
interior  is  decreased  or  the  thickness  of  metal  increased.  If  we 
wish  to  find  the  diameter  of  a  solid  shot  corresponding  to  a  shell 
of  a  given  density,  the  density  of  the  shell  being  |  that  of  the 
shot,  we  will  have,  calling  x  the  diameter  of  the  shot,  and  D  that 
of  the  shell,  a-=fD. 

To  find  what  should  be  the  density  of  a  12-pound  shell,  in 
order  that  it  experience  the  same  ress^tance  from  the  air  as  a 
6-pound  shot,  we  will  obtain,  by  calling  d  the  required  density, 
4.52</=  3.58  x  7.207,  and  consequently,  d— 5.7,  that  is  the  density 

5  7 

of  the  shell  should  be  the  —'- — =0.71>  part  of  that  of  the  corre- 

7.20 1 

sponding  shot,  and  as  that  weighs  12.3  lbs.,  the  weight  for  the 
shell  will  be  12.3x0.79=8.5  lbs. 

From  what  precedes  it  will  be  seen  that  lead,  if  hard  enough, 
would  be  the  best  metal  to  use  in  projectiles,  forged  iron  the 
next,  and  then  cast  iron,  which  is  much  cheaper  than  forged. 

As  early  as  the  time  of  Louis  XIV.,  hollow  clontjattd  projec- 
tiles were  made  use  of,  and  must  have  been  in  great  favor,  since 
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'U-v  appear  to  have  been  made  of  all  sizes.  The  pointed  form 
found  to  aid  the  projectile  passing  through  the  air.  The 
:terior  was  divided  into  two  compartments,  the  front  one  filled 
vith  powder  and  balls,  the  rear  one  with  powder  only,  thus 
'  rowing  the  center  of  gravity  well  forward.  Had  these  shells 
1  >vn  provided  with  grooves  on  the  rear  part,  they  would  have 
:  iltilled  all  the  conditions  laid  down  on  page  127,  and  haveprob- 
•i'lv  rnven  better  results. 

As  the  length  of  the  ball  increases,  its  mass  and  weight  in- 
rease,  whilst  the  resistance  remains  the  sjmie.  Doubling  the 
weight  of  the  ball  thus  renders  the  resistance  of  the  air  relatively 
■ne  half  less.  If,  for  example,  the  oblong  bullet  weighs  730 
.Tains,  and  the  spherical  one  of  the  same  caliber,  412  grains,  the 
Stance  to  the  first  will  be  only  the  4s*  part  of  what  would  be 
•tiered  to  an  oblong  one  of  the  same  weight  as  the  spherical  ball. 
i';:t  this  last  experiences  a  resistance  three  times  that  of  the 
'  'iigated  one  of  the  same  weight,  so  that  the  oblong  bullet  of 
":',o  grains  experiences  x  4 -J*  of  the  resistance  (or  about  one 
'.:t\\)  offered  to  the  spherical  bullet  of  the  same  caliber  (old). 

The  resistance  is,  however,  still  very  great  to  pointed  projec- 
iles.  it  being  estimated  that  it  reduced  the  range  of  one  experi- 
mented on  in  France,  to  one  half  of  what  it  would  be  in  vacuo. 

Solid  Shot. — In  projectiles  which  are  designed  to  act  against 
.  liinated  beings,  the  diameter  may  be  decreased  considerably, 
rid  the  length  increased  without  impairing  their  efficiency.  But 
<>r  those  which  are  to  act  against  fortifications,  masses  of  earth, 
\rc„  a  certain  caliber  is  necessary.  Were  the  projectile  of  too 
:uall  a  diameter,  and  pointed  in  form,  it  would  go  through  the 

•  bstaclc  without  breaking  or  splintering  it  much,  whilst  spheri- 
;tl  projectiles  crush  and  break  into  pieces  the  objects  struck,  and 
Vv  also  have  the  advantage  of  deviating  less  from  ricochets, 
vliich  are  very  important  in  war,  either  as  marking  the  point  of 
all,  and  allowing  a  rectification  of  the  aim,  or  as  a  means  of 

•  -M-hing  an  enemy  behind  his  works. 

Caliber. — The  caliber  at  halt*  is  expressed  by  the  round  num- 
<er  of  pounds  contained  in  them.    Those  used  in  our  service  are 
following.    They  are  made  of  cast  iron. 

68,  42,  32,  24,  IS,  12,  and  6. 
Shot  to  be  used  at  sea,  and  on  the  seacoast,  should  be  some- 
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what  smaller  than  those  for  service  inland,  on  account  of  their 
liability  to  oxidize  from  the  dampness  of  the  atmosphere.  (For 
dimensions,  see  Appendix,  page  20.) 

Bar  or  chain  Bhot  consists  of  two  hemispheres  or  balls  con- 
nected by  a  bar  of  iron  or  chain.  They  take  a  rotary  motion 
when  fired,  and  are  used  with  great  effect  against  the  masts  and 
rigging  of  vessels,  but  are  very  inaccurate  in  their  fire. 

A  stand  of  grape  consists  of  nine  shot  of  a  size  appropriate  to 
the  caliber  used,  which  are  held  together  by  two  rings,  and  a 
plate  at  each  end  oftthe  stand  connected  by  a  rod  or  bolt.  (For 
dimensions,  see  Appendix,  page  27.) 

Quilted  grape  consists  of  an  iron  plate  and  an  upright  spindle 
around  which  balls  are  placed  and  held  in  their  positions  by  a 
canvas  bag  which  is  tied  to  the  plate  and  then  quilted  on  to  the 
balls  by  means  of  strong  twine,  which  is  finally  tied  around  the 
mouth  of  the  bag.    This  kind  is  no  longer  used  in  our  service. 

Canister  Shot  is  a  tin  cylinder  with  iron  heads,  filled  with 
balls  packed  in  with  saw-dust.  The  heads  are  movable,  and  the 
edges  of  the  tin  are  turned  down  over  them  to  hold  them  in  their 
places.  The  balls  are  made  of  such  a  size  that  seven  of  them  can 
lie  in  a  bed,  one  in  the  middle,  and  six  around,  making  the  dia- 
meter of  the  balls  about  one  third  that  of  the  bore.  These  balls 
are  all  made  of  cast  iron,  except  for  the  mountain  howitzer,  the 
canisters  for  which  are  filled  with  musket-bullets,  which,  as  has 
been  shown,  meet  with  less  resistance  from  the  air,  and  retain 
their  velocity  longer  than  cast-iron  balls  of  a  much  larger  size. 
It  would  be  better  to  make  them  of  wrought  iron  for  field-guns, 
as  is  done  in  France :  as,  besides  being  more  dense,  they  would 
be  less  likely  to  break  and  injure  the  bore  of  the  gun  than  east- 
iron  ones.    (For  dimensions,  see  Appendix,  p.  28.) 

It  has  been  shown  (p.  158)  that  a  cast-iron  ball  1.02  inch  dia- 
meter experiences  as  much  resistance  from  the  air  as  the  ordinary 
musket-bullet,  where  balls  smaller  than  this  are  required,  there- 
fore, the  musket  bullet  should  be  used. 

Bullets  are  divided  into  spherical  and  elongated.  They  are 
made  of  lead,  and  used  in  small-arms.  The  caliber  of  spherical 
bullets  is  determined  by  the  number  which  a  pound  of  lead  will 
make.  Thus,  our  common  musket  is  said  to  carry  seventeen  to 
the  pound.    But  this  is  almost  entirely  superseded  in  use  by  the 
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elongated  bullet,  the  caliber  of  which  is  determined  by  its  diame- 
ter or  its  weight  in  grains,  usually  by  the  former.  There  arc  but 
two  sizes  now  in  use  in  our  service  (sec  pp.  130-1) ;  and  in  time  it  is 
the  intention  to  reduce  these  to  one,  which  may  be  used  for  either 
rifle,  rifle-musket,  or  pistol.  But  the  bullets,  although  precisely 
the  same  on  the  exterior,  differ  in  the  size  of  the  conical  opening, 
and  in  weight,  the  lightest  being  fifty  grains  less  than  the  other, 
the  weight  of  which  is  live  hundred  grains.  (See  Nos.  1  and  2, 
p.  131.)  This  difference  was  found  necessary  in  order  that  the 
j-niall  charge  of  the  pistol  should  have  force  sufficient  to  press  out 
the  sides  of  the  bullet  and  rifle  it  properly,  which  it  was  found 
sometimes  not  to  do  with  the  thicker  one.  The  longer  these  bul- 
lets are  made,  the  less  resistance  is  offered  by  the  air,  or,  more  cor- 
rectly speaking,  the  greater  the  power  of  the  bullet  to  overcome 
the  resistance  offered ;  and  were  it  not  for  the  want  of  consistency 
and  the  softness  of  the  lead,  this  lengthening  would  be  theoretic- 
ally unlimited.  But  they  soon  become  inconveniently  long,  and 
liable  to  be  injured  in  shape,  and  it  is  found  that,  beyond  a  cer- 
tain length  and  a  certain  number  (three)  of  grooves,  the  bullet 
does  not  carry  well.  The  length  of  those  in  our  service  has  been 
fixed  by  experiment  at  1.1  inch  for  the  large,  and  1.05  inch  for 
the  small  6ize. 

Rifles  and  Artillery. — Since  the  recent  improvements  in 
projectiles  and  long-range  rifles,  it  has  been  customary  to  under- 
rate the  importance  of  the  artillery  arm  on  a  field  of  battle,  and 
the  assertion  is  frequently  heard,  that  the  use  of  the  rifle  will 
supersede  entirely  the  use  of  field-pieces  in  war,  since  their  fire 
has  a  greater  range  and  more  accuracy  than  the  field-pieces  now 
in  use.    This,  I  am  convinced,  is  a  mistaken  view.    In  the  first 
place,  it  is  true  that  long-range  rifles  are  destined,  in  the  hands  of 
skillful  marksmen,  to  play  a  very  important  part  in  battle,  by 
picking  off  the  cannoneers  of  the  artillery  from  points  beyond  the 
range  of  this  last,  provided  they  can  once  get  their  sights  properly 
arranged  for  that  distance ;  but  they  have  first  to  get  their  range. 
To  do  this,  as  very  few  men  are  at  all  accurate  in  estimating  dis- 
tances, trials  have  to  be  made ;  and  the  bullet  makes  so  little  dust 
in  striking,  and  what  it  does  make  is  scarcely  visible  at  1000  yds., 
that  it  affords  the  marksman  but  little  opportunity  to  correct  his 
aim.    In  the  mean  time  the  gunner  is  getting  his  range,  which 
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he  is  enabled  to  correct  from  the  striking  of  the  ball,  which  can 
be  seen  as  far  as  it  goes,  and  when  he  once  gets  it,  and  that  not 
accurately  and  precisely,  as  the  rifleman  must,  but  approxi- 
mately, he  is  enabled  to  let  loose  among  his  opponents  a  charge 
of  from  thirty  to  eighty  musket-bullets  at  a  time,  or  send  a  solid 
shot  through  them  with  sufficient  force  to  disable,  perhaps  kill, 
half  a  dozen,  and  disorganize  as  many  more  by  its  moral  effect. 

When  the  rifleman  gets  his  sight  adjusted  to  the  proper  range, 
it  is  an  easy  matter  for  the  artilleryman  to  increase  or  decrease 
his  distance,  rendering  new  adjustments  of  the  sights  necessary, 
and  all  this  in  the  heat  and  confusion  of  a  combat. 

These  facts,  to  6ay  nothing  of  the  great  physical,  as  well  as 
moral  effect  of  a  rapid  and  well-directed  fire  of  half  a  dozen  guns 
upon  a  body  of  infantry,  seem  to  demonstrate  that  the  importance 
of  artillery  upon  the  field  of  battle  is  rather  increased  than  dimin- 
ished, and  should  rather  urge  to  improvement  in  its  range  and 
efficiency,  than  to  its  abandonment  and  under-rating. 

The  uncertainty  of  properly  adjusting  the  6ight  of  a  rifle  in  the 
heat  of  battle,  must  be  evident  to  every  one ;  and  it  is  stated  that 
the  present  emperor  of  France,  fully  alive  to  the  fact,  has  dis- 
carded the  back  elevating  sights  altogether  on  his  rifles,  or  very 
much  reduced  their  graduation,  preferring  to  leave  the  aiming  to 
the  judgment  of  the  men  rather  than  possibly  lead  them  into 
error  by  the  presence  of  the  sight.* 

HOLLOW  SHOT. 

It  has  been  stated  that  the  fire  of  hollow  shot  increases  in 
accuracy  as  it  becomes  heavier,  or  the  interior  space  decreases. 
This  also  increases  the  penetration.  On  the  other  hand,  the 
interior  space  should  be  large  enough  to  contain  sufficient  powder 
or  incendiary  composition  to  produce  a  proper  effect ;  whether 
this  be  to  produce  a  great  number  of  splinters  with  a  certain 
velocity,  to  destroy  by  the  explosions  field-works,  or  to  set  fire  to 
shelters  occupied  by  the  enemy.    The  last  objects  will  be  attained 

*  Napoleon's  recent  address  to  his  troops,  in  Italy,  warning  them  that  long-range 
rifles  are  formidable  only  at  a  distance,  and  that  great  dependence  must  still  be 
place  1  npon  the  skillful  use  of  the  boynct,  is  a  hint  which  they  seem  to  have  fob 
lowed. 
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1-cst  by  shells  having  a  large  interior  space.  Experiment  shows 
that  hollow  projectiles  fulfill  the  necessary  conditions  best  when 
their  mean  density,  or  real  weight,  is  equal  to  f  that  of  the  solid 
•hot  of  the  same  diameter. 

Dmi>ED. — Hollow  shot  are  divided  into  shell*,  spherical  case 
'■r  schrapiiell,  carcases,  and  grenades ;  all  of  which  are  made  of 
<_ast  iron.  Their  caliber  is  determined  either  by  the  number  of 
I n  ninds  contained  in  a  solid  shot  of  the  same  size,  or  by  the  num- 
ber of  inches  in  the  diameter  of  the  shell  itself. 

Shells  are  hollow  shot  the  interior  space  being  formed  of  a 
sphere  concentric  with  the  outer  surface,  thus  making  the  sides 
"f  equal  thickness  throughout.  They  have  a  conical  opening  or 
•  ye.  used  to  load  the  shell,  and  in  which  is  inserted  the  fuze  to 
<  ornmunicate  tire  to  the  charge.  Its  axis  is  always  coincident 
with  a  radius  of  the  sphere. 

Shells  have  sometimes  been  reinforced  with  a  culvt,  or 
increased  thickness  of  metal  opposite  the  fuze  hole,  for  the  pur- 
pose of  strengthening  that  part  most  exposed  to  the  shock  of  the 
powder,  especially  in  pieces  with  long,  narrow  chambers,  which 
were  formerly  employed,  and  with  an  idea  that  it  would  cause 
the  shell  to  fall  with  the  fuze  up,  and  prevent  the  failing  of  the 
fuze,  from  becoming  stopped  up  with  dirt  when  it  fell. 

The  objections  to  the  use  of  the  eulot  are :  that  it  separates 
the  center  of  figure  from  that  of  gravity,  thus  diminishing  the 
accuracy  of  fire  and  the  velocity,  by  the  increased  resistance  of 
the  air,  due  to  the  irregular  movement  of  the  eccentric  projectile ; 
that  the  culot  being  thicker,  presents  more  resistance  to  the  pow- 
der than  the  other  portions  of  the  shell,  and  consequently  a  lees 
number  of  pieces  are  formed.  Experiments  go  to  show  that  an 
exploding  shell  cracks  generally  through  the  fuze  hole.  The  culot 
is  not  used  at  all  in  our  service. 

The  resistance  offered  by  a  shell  to  the  force  of  the  powder 
increases  with  the  thickness  of  its  sides.  The  number  of  pieces 
produced  when  it  explodes  is  the  greater,  all  else  being  equal,  as 
the  metal  is  more  brittle,  and  the  eccentricity  of  the  shell  is  less. 

The  eye  should  decrease  in  6ize  with  the  interior  space.  Too 
large  an  opening  might  allow  the  escape  of  the  gas  without  burst- 
ing the  shell.  It  should  not  be  too  small,  as  this  would  prevent 
the  use  of  a  proper  thickness  in  the  fuze. 
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The  French  sometimes  make  their  shells  for  sea-coast  service 
with  an  additional  eye,  at  an  angle  of  45°  with  the  other,  called  a 
charging  /tole,  the  object  being  to  have  the  fuze  already  fitted  in, 
ready  for  use,  and  allow  the  charge  to  be  poured  in  just  before 
the  shell  is  wanted.  It  is  found  that  the  powder,  when  left  in  the 
shell  for  any  length  of  time,  rapidly  deteriorates,  from  the  damp- 
ness of  the  sea  air.  This  arrangement,  however,  has  the  disad- 
vantage of  requiring  the  fuzes  to  be  cut  beforehand  and  without 
knowing  at  what  distances  they  are  to  be  used. 

The  French  make  use  of  what  they  call  a  shell  bullet  (Balles- 
obus),  made  of  lead,  hollow,  and  oblong,  with  the  pointed  end 
formed  like  the  nipple  of  a  gun,  and  pierced  to  communicate  with 
the  interior  space,  which  is  tilled  with  powder.  A  common  per- 
cussion cap  is  placed  on  the  end,  and  the  bullet  is  set  home  with 
a  concave  rammer  head.  Fired  from  a  rifle,  the  bullet  goes  point 
foremost,  and  when  it  strikes  explodes  the  cap  and  the  powder  in 
the  bullet,  blowing  up  any  powder  it  may  come  in  contact  with, 
or  setting  fire  to  inflammable  material.  Caissons  or  ammunition 
wagons  of  any  kind  may  in  this  way  be  destroyed. 

The  following  are  the  shells  used  in  the  United  States  service : 

For  mortars,  13  in.,  10  in.,  and  8  in.,  Fig.  94,  PI.  8  ;  the  last  used 

also  in  the  8  in.  siege  howitzer. 
"  Columbiads,  10  in.  and  8  in.,  Fig.  t>5,  PI.  8. 
"  Guns  and  Howitzers,  42,  32,  24,  18,  and  12  pdrs.,  Fig.  95,' 

PI.  8. 

All  but  the  mortar  shells  arc  reinforced  on  the  inside  of  the 
fuze  hole,  to  give  a  greater  bearing  surface  to  the  fuze,  and  pre- 
vent its  being  driven  in  by  the  force  of  the  heavy  charges  used. 
The  sides  of  these  shells  arc  also  thicker  than  the  corresponding 
sizes  for  mortal's,  as  larger  charges  are  used  with  them. 

The  mortar  and  eolnmbiud  shells  are  handled  bv  means  of  two 
ears  placed  one  on  each  side  of  the  eye,  which  serve  for  attaching 
a  pair  of  shell-hooks.  The  other  shells  have  no  ears,  but  rope 
handles  are  fixed  to  the  tin  straps  which  fasten  them  to  their 
sabots.    (For  dimensions,  see  Appendix,  p.  27.) 

Spherical  Case,  or  Schrapncll  Shot,  as  they  are  called,  after 
the  English  general  who  brought  them  to  perfection,  are  thin- 
sided  shells,  in  which,  besides  the  bursting  charge,  are  placed  a 
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number  of  musket  balls.  Their  sides  are  much  thinner  than  those 
•  f  the  ordinary  shell,  in  order  that  they  may  contain  a  greater 
number  of  bullets  ;  and  these  acting  as  a  support  to  the  sides  of 
the  shell  prevent  it  from  being  broken  by  the  force  of  the  dis- 
charge. The  weight  of  the  empty  case  is  about  £  that  of  the 
solid  shot  of  the  same  diameter.  (For  dimensions,  see  Appendix, 
27.) 

The  calibers  in  use  in  our  service  are : 

The  8  in.— 42,  32,  24,  18,  12,  and  6  pdrs.,  Fig.  90,  PI.  8. 

Tliey  are  all  reinforced  at  the  eye,  to  give  a  greater  bearing  for 
the  fuze.  Lead  being  much  more  dense  than  iron,  the  schrapnell 
i».  when  loaded,  nearly  as  heavy  as  the  solid  shot  of  the  same 
•alifyer ;  but  on  account  of  the  less  charge  which  it  is  necessary 
:  j  use  to  prevent  rupturing  the  case,  their  fire  is  neither  so 
accurate  nor  the  range  so  great  as  with  the  solid  shot.  But  when 
the  schrapnell  bursts  just  in  front  of  an  object,  the  effect  is  terrific, 
being  in  fact  pretty  much  the  same  as  a  discharge  of  grape  from 
a  piece  at  short  range. 

The  range  and  effect  are  both  much  increased  by  the  present 
method  of  loading.  This  is  done  by  placing  in  the  proper  num- 
ber of  balls,  and  then  pushing  a  stick,  grooved  on  both  sides, 
through  the  eye  to  the  bottom  of  the  case.  Through  the  grooves 
incited  sulphur  or  rosin  is  poured,  and  when  cool  the  stick  is 
withdrawn,  leaving  in  the  center  of  the  mass  a  small  chamler,  in 
which  the  bursting  charge  is  placed.*  This  arrangement  places 
the  powder  entirely  free  from  contact  with  the  bullets,  and  it  is 
consequently  not  liable  to  be  ground  up  by  them  while  being 
transported  or  when  the  shell  is  fired.  The  powder  can  be  placed 
in  this  chamber  and  allowed  to  remain  without  fear  of  damage  or 
danger,  and  be  all  ready  for  use  when  required.  Being,  besides, 
in  a  compact  mass,  instead  of  scattered  among  the  bullets,  its 
power  is  much  greater  and  it  acts  more  effectively  in  throwing 
the  bullets  outward  from  the  center.  This  advantage  is  further 
increased  by  the  adoption  of  the  admirable  Boarmann  fuze, 


•  Schrnpnell  are  now  usually  loaded  by  placing  in  the  bullet*  and  pouring  the 
mv'tcd  sulphur  in  until  the  ciue  is  full.  Aft.  r  the  sulphur  has  cooled,  the  Apace  for 
the  powder  is  bored  out  by  a  cutter,  which  remove*  both  the  sulphur  and  portions 
"f  the  bullets  from  the  space.  Thin  U  a  quicker  method,  and  give*  a  more  compact 
projectile. 
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which  can  be  screwed  into  its  place  beforehand,  and  guaged  on 
the  field,  in  a  moment. 

The  charge  used  in  these  shells  is  sufficient  simply  to  rupture 
the  case  and  release  the  bullets  at  the  proper  point  in  front  of  the 
object.  Their  execution  depends,  then,  upon  the  velocity  which 
the  shell  has  at  the  moment  it  bursts. 

The  Boarmann  fuze  being  adopted,  the  reinforce  at  the  eye 
becomes  useless,  and  may  as  well  be  dispensed  with  to  allow 
more  room  for  bullets.  This  would  also  make  the  firing  more 
accurate,  as  the  shell  would  be  more  concentric. 

Carcasses,  Fig.  97,  PI.  8,  are  shells  having,  besides  the  usual 
eye,  three  others,  which  are  placed  at  equal  distances  apart,  and 
tangent  to  the  great  circle  of  the  shell  which  is  perpendicular  to 
the  axis  of  the  first  eye.  They  are  filled  with  combustible  com- 
position, primed  at  the  four  holes  with  quick-match  and  mealed 
powder,  and  are  used  to  set  fire  to  an  enemy's  works,  the  addi- 
tional holes  being  to  allow  a  more  rapid  escape  of  the  flame. 

Grenades,  Fig.  98,  PI.  8,  are  of  two  kinds.  The  hand-grenade 
is  a  small  shell  thrown  from  the  hand  or  in  baskets  from  the  stone 
mortar.  Rampart-grenades  are  larger,  and  are  used  to  roll  down 
a  breach  in  its  defense,  to  throw  over  the  ramparts,  &c.  Any 
kind  of  shell,  unfit  for  firing  either  from  being  defective  in  form 
or  solidity,  may  be  used  for  the  purpose.  6-pdr.  spherical  case, 
shot  may  be  used  as  hand-grenades. 

War-Rockets. — A  rocket  is  a  projectile  which  is  set  in  motion 
by  a  power  residing  within  itself.  It  therefore  performs  the  part 
both  of  a  piece  and  a  projectile.  The  cases  for  war-roekets  are 
made  of  sheet-iron  and  lined  with  paper  or  wood  veneer  to  pre- 
vent the  composition  from  touching  the  metal  and  rusting  it, 
which  would  destroy  the  missile.  They  are  filled  with  a  compo- 
sition of  niter,  sulphur,  and  charcoal,  in  the  same  way  as  de- 
scribed for  signal  rockets ;  but  are  generally  filled  solid  by  means 
of  a  ram  or  press,  and  the  core  then  bored  out.  At  the  top  end 
either  a  solid  shot  or  shell  is  placed,  and  riveted  to  the  case,  a 
recess  being  cut  out  of  the  lower  part  of  the  projectile,  which  is 
there  cylindrical,  to  fit  into  the  case.  When  a  shell  is  used,  it  is 
perforated  through  the  diameter  which  coincides  with  the  axis 
of  the  case,  and  a  fuze  driven  into  the  opening  next  to  the 
composition.    When  the  composition  burns  out,  fire  is  corn- 
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municated  to  tlic  fuze,  which,  in  its  turn,  explodes  the  charge  in 
the  shell.  The  hole  at  the  top  of  the  shell  enables  the  fuze  to  be 
regulated,  by  boring  it  out  in  part  or  altogether.  The  top  hole  is 
then  closed  with  a  wooden  plug  or  a  screw. 

The  dimensions  of  rockets  are  indicated  either  by  the  weight 
uf  the  projectile  or  the  diameter  of  the  case,  in  inches. 

Two  kinds  of  rockets  have  been  used  in  this  country,  the  Con- 
yrevc,  and  Hale  8. 

Concrete's,  Fig.  99,  PI.  8,  has,  like  the  ordinary  sky-rocket, 
a  directing-stick,  but  instead  of  being  tied  to  the  outside  of  the 
c-ase,  it  is  inserted  in  a  socket  placed  directly  in  rear  of  the  case, 
the  flame  escaping  through  holes  around  this.  This  modification 
was  introduced  by  Sir  William  Congreve,  who  was  also  the  first 
•me  in  modern  times  to  make  use  of  metal  cases;  but  he  is  not  the 
:n ven tor  of  the  rocket,  which  has  been  known  from  time  imme- 
morial in  China  and  India,  in  both  of  which  it  had  been  used  as 
a  war  missile. 

These  rockets  have  been  made  of  immense  size,  the  largest 
weighing  as  much  as  three  hundred  pounds,  but  have  never  been 
adopted  to  any  very  great  extent ;  for,  although  very  formidable 
and  destructive,  especially  when  used  against  cavalry,  their  fire 
U  very  inaccurate.  The  motion  of  the  rocket  is  due  to  the  pres- 
sure on  the  case  produced  by  the  reaction  of  the  gas  escaping 
through  the  vents,  and  depends  upon  the  mechanical  principle  of 
the  equality  between  action  and  reaction. 

Rockets  are  fired  from  troughs  or  tubes  mounted  on  adjustible 
tripods,  so  that  the  necessary  angle  of  elevation  can  be  given  to 
them.  They  may  also  be  simply  laid  upon  the  ground,  having 
the  necessary  slope,  and  fired  singly  or  in  volleys.  In  the  latter 
case,  they  are  connected  by  a  piece  of  quick-match  communi- 
cating with  the  priming,  by  lighting  which  the  rockets  go  off  in 
rapid  succession. 

Special  troops  have,  in  some  of  the  European  powers,  been 
formed  and  armed  with  these  projectiles,  which  are  carried  in 
wagons.  Each  man  carries  into  action  several  rockets  ready  for 
u»e,  and  tied  to  his  saddle.  In  this  country,  however,  no  tueh 
..rgauization  has  been  made;  although,  rockets  were  used  to  a 
limited  extent  in  the  war  with  Mexico. 

In  the  Austrian  service  they  appear  to  have  been  adopted  to 
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a  much  greater  extent  than  anywhere  else.  But  they  are  there 
made  with  a  shell  very  much  larger  than  the  diameter  of  the 
case,  to  which  it  is  fastened  with  tin-plate  straps.  They  are  fired 
from  tubes  into  which  they  are  placed  from  the  front,  with  the 
shell,  which  is  too  large  to  enter,  projecting  from  the  mouth. 
Large  angles  of  elevation  are  used,  and  the  rocket,  after  accom- 
plishing a  short  range,  drops  its  shell  with  its  fuze  (previously 
regulated)  burning. 

Hale's  (Fig.  100,  PI.  8)  differs  from  any  other  rocket  in  hav- 
ing no  guide-stick.  Direction  is  given  to  the  rocket  by  impart- 
ing the  rifle  motion  to  it.  This  is  effected  by  placing  in  the  rear 
part  a  number  of  holes  oblique  to  the  axis.  The  gas,  escaping 
through  these,  acts  upon  the  air  and  gives  the  rotary  motion  to 
the  case,  whilst  it  propelled  forward  by  the  action,  or  rather 
reaction,  of  the  gas  escaping  at  the  main  hole  at  the  extreme  end. 
Within  a  year  past,  these  oblique  holes  have  been  changed  from 
their  position  in  rear  of  the  rocket,  reduced  to  two  in  number, 
opposite  the  center  of  gravity,  and  fire  instead  of  being  com- 
municated at  the  end  is  applied  at  ono  of  these  holes,  and 
rapidly  spreads  in  both  directions  in  the  interior. 

Hale's  rocket,  by  dispensing  with  the  long  and  unwieldy 
guide-stick,  is  a  great  improvement ;  but  it  is  not  the  only  one 
which  has  been  made.  The  great  difficulty  in  rocket-firing,  is  to 
get  them  to  start  in  the  right  direction.  Long  'before  it  lias 
attained  anything  like  its  maximum  velocity,  it  commences  to 
move,  and  the  moment  it  loses  the  support  of  the  tube  or  trough, 
it  begins  to  fall  or  "  dip,"  and  before  the  constantly  increasing 
velocity  is  great  enough  to  overcome  this  disposition,  the  rocket 
will  probably  ricochet  on  the  ground  ;  and  this,  especially  with 
Hale's,  is  apt  to  throw  it  very  much  out  of  its  course,  and  add  to 
its  otherwise  inaccurate  firing.  Mr.  Hale  has  striven  to  over- 
come this  difficulty  by  placing  his  rocket  behind  a  strong  spring, 
which  holds  it  until  it  has  acquired  force  enough  both  to  over- 
come its  own  inertia  and  the  strength  of  the  spring,  when  it  is  re- 
leased with  a  much  greater  velocity,  and  but  little  of  its  former 
disposition  to  "dip." 

A  great  objection  to  these  rockets  made  with  metal  cases,  is 
that  from  the  expansion  and  contraction  of  the  metal,  cracks  and 
flaws  are  formed,  after  a  time,  which  give  passage  to  the  flame, 
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nerease  very  rapidly  the  rate  of  combustion,  and  sometimes 
cause  the  rocket  to  explode  like  a  charge  of  gunpowder.  Rockets, 
when  kept  any  length  of  time,  are  particularly  liable  to  this  acci- 
dent It  is  stated  that  in  New  Mexico,  where  the  climate  is  very 
dry,  the  common  sky-rocket  cannot  be  kept  for  any  length  of 
time  without  being  subject  to  the  same  defect;  and  they  are 
sometimes  restored  to  their  former  condition  by  soaking  them  for 
•a  short  time  in  water,  and  then  drying  them. 

MANUFACTURE  OF  PROJECTILES. 

In  the  manufacture  of  projectiles,  iron  moulds  have  sometimes 
been  used,  but  are  found  to  make  an  inferior,  brittle  article,  liable 
tij  be  easily  broken,  principally  from  the  more  rapid  cooling  of 
'he  metal.  The  moulds  are  now  made  of  sand,  similar  to  that 
.sod  in  casting  guns ;  though  a  less  refractory  sand  is  needed,  as 
the  mass  of  metal  is  less,  and  possesses,  consequently,  a  less 
amount  of  heat.  It  is,  as  before,  mixed  with  clay-  water,  to  give 
it  form  and  consistency. 

MocxDDfo. — The  model  consists  of  two  polished  hemispheres 
of  copper,  which,  fitted  together  by  means  of  a  groove  in  one 
ind  projecting  edge  in  the  other,  form  a  perfect  sphere.  One  of 
these  hemispheres  is  placed  on  a  board  or  other  plane  surface, 
f  >ver  this  is  placed  one  half  of  the  flask,  a  sheet-iron  box  in  two 
parte  (Fig.  101,  PL  8)  made  to  lit  each  other,  for  the  purpose  of 
containing  the  mould.  Each  half  has  a  movable  bottom,  taken 
jff  when  the  6and  is  placed  in.  Each  one  of  the  copper  hemi- 
spheres has  in  the  bottom  a  hole  and  thread  of  a  screw,  c,  into 
w  hich  a  handle  can  be  placed  to  lift  the  model  out  of  the  mould, 
and  on  the  outside  at  d,  a  corresponding  hole  and  thread  into 
which  the  handle  b  is  now  screwed.  A  round  stick,  a,  is  held  in 
i  suitable  position  against  the  board  on  which  the  flask  rests,  and 
he  moulding  is  driven  compactly  in  until  the  flask  is  full  to  the 
ine  e /,  when  it  is  accurately  leveled  off,  the  handle  b  unscrewed, 
ind  with  the  stick  a  removed.  The  bottom  is  placed  on,  secured 
n  it*  place,  and  the  whole  turned  over ;  the  board,  g  A,  taken  off 
»nd  the  other  half-model  and  flask  adjusted  on  top  of  the  first 
>nes,  dry  dand  being  sprinkled  on  top  of  the  half-mould  formed, 
o  prevent  the  other  from  sticking  to  it.  Fig.  102. 
12 
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After  screwing  the  handle  of  the  other  half-model  in  its  place, 
this  flask  is  filled,  the  handle  removed,  and  bottom  put  on  in  the 
game  way  as  at  first. 

The  top  half  is  then  taken  off  and  turned  over,  and  both  half- 
models  are  taken  out  by  screwing  in  the  handle  at  a,  and  lifting 
them  up  carefully  so  as  not  to  break  the  mould  ;  a  passage  is  cut 
at  c,  across  from  the  channel  ft,  and  if  casting  solid  shot,  the  hole 
left  by  the  handle  at  d  is  closed  with  sand.  Any  parts  which 
have  been  broken  away  are  now  repaired  by  hand,  and  the  whole 
interior  is  covered  with  coke-wash ;  the  mould  is  placed  in  an 
oven  to  be  thoroughly  dried,*  after  which  the  two  parts  are  fast- 
ened together,  with  the  two  apertures  b  and  e  uppermost. 

Casting. — The  metal,  in  a  proper  state  of  fluidity,  is  brought 
from  the  furnace  in  a  bucket  or  ladle,  formed  as  shown  in  Fig. 
103,  PI.  8,  of  iron,  coated  with  clay,  having  wrought-iron  or 
wooden  handles,  and  poured  into  the  mould  at  f,  entering  at  the 
side  to  prevent  injury  to  the  form.  As  it  rises,  the  air  escapes  at 
ey  which  also  serves  as  a  dead-head  to  collect  the  scoria,  if  any 
enters,  and  furnishes  metal  to  supply  the  shrinkage  caused  by 
cooling. 

Core. — In  casting  shells,  the  mould  is  made  in  the  same  way, 
but  a  care  is  needed  in  addition.  This  is  a  sphere  of  the  proper 
size,  made  by  compressing  the  moulding  composition  on  a  stem  J, 
Fig.  105,  PI.  8,  by  means  of  two  cups,  Fig.  104,  PI.  8,  the  requi- 
site compression  being  given  by  screws  placed  at  a>  b,  and  c. 
This  core  is,  by  means  of  a  guage,  placed  exactly  in  the  center  of 
the  mould,  and  supported  in  that  position  by  the  stem  placed  in 
the  hole,  which,  in  casting  solid  shot  was  closed.  The  core  being 
subjected  to  greater  heat  than  the  other  portion  of  the  mould, 
should  be  made  of  a  more  refractory  sand.  The  stem,  besides 
supporting  the  core,  forms  the  fuze-hole  for  the  shell.  It  is 
formed  of  a  thick  wire  covered  with  the  moulding  composition.! 
After  the  casting  has  become  cool,  the  core  is  broken  up  and 
removed ;  and  the  projecting  portions  at  the  gate,  c,  Fig.  102, 


*  Until  recently,  the  moulds  were  not  dried  before  casting,  but  casting  after  the 
mould  is  dried  is  found  to  produce  a  much  smoother,  better  shot  than  when  cast  wet 
or  "green." 

f  The  stem  is  sometimes  made  hollow,  as  at  a,  a,  a,  Fig.  105,  PL  8,  to  allow  the 
escape  of  any  gases  which  may  form  from  the  effect  of  the  heated  metaL 
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PI.  8,  and  around  the  base  where  the  two  halves  join,  are  taken 
off  with  a  hammer  and  chisel. 

Polishing. — A  number  of  the  balls  are  now  placed  in  a  large 
revolving  iron  cylinder,  which,  by  friction,  polishes  and  makes 
the  surface  more  uniform ;  after  which,  and  before  any  lacker  or 
grease  is  placed  on  them,  they  are  inspected. 

All  projectiles  for  large  ordnance  are  made  of  cast  iron, 
though  other  metals  have  been  used,  and,  until  recently,  the  Mex- 
icans used  copper  to  a  great  extent,  and,  perhaps,  still  do  so. 

Bullets. — Projectiles  for  small  arms  are  made  of  lead,  and 
the  method  of  compression  is  now  used  in  preference  to  casting, 
and  furnishes  a  more  uniform  and  homogeneous  bullet 

Materials. — All  projectiles  for  our  service,  for  cannon  are 
manufactured  in  private  foundries,  and  inspected  by  officers  of 
the  ordnance,  before  they  are  received  into  service.  After  which 
they  are  covered  with  a  coating  of  lacker,  and  placed  in  piles  of 
different  sizes  until  they  are  wanted.  The  compressed  elongated 
i>ullets  are  now  made  in  our  arsenals,  by  a  very  ingenious  piece 
of  machinery  which  turns  them  out  very  rapidly  and  very 
perfect. 

The  iron  used  in  the  manufacture  of  projectiles  should  be  what 
is  commonly  termed  gray  or  mottled,  and  should  be  of  good  qual- 
ity, especially  for  spherical  case-shot,  which  requires  more  care  on 
account  of  the  thinness  of  the  sides. 

Inspecting. — The  manner  of  inspecting  shot  and  shell,  and  the 
instruments  used,  will  now  be  described.  To  ascertain  if  they 
are  of  the  proper  weight,  several  parcels,  of  from  twenty  to  fifty, 
are  weighed,  being  taken  from  the  pile  indiscriminately.  If  any 
are  found  smaller  than  the  rest,  they  are  weighed  separately,  and 
rejected  if  they  fall  short  of  the  proper  weight  by  a  small  frac- 
tion, which  has  been  successively  reduced  as  the  improvements  in 
the  art  of  casting  enabled  a  higher  standard  to  be  reached.  They 
generally  exceed  the  required  weight. 

To  find  the  weight  of  a  cast-iron  shot  of  any  diameter,  multi- 
ply the  cube  of  its  diameter  in  inches  by  0.134.  The  result  will 
he  the  weight  in  pounds.  If  the  weight  of  a  shell  is  required, 
use  in  this  rule  the  difference  between  the  exterior  and  interior 
diameters  in  place  of  the  diameter.  being  the  solid  contents 

of  any  sphere,  and  0.2607  =  the  weight  of  a  cubic  inch  of  cast 


Digitized  by  Google 


172 


FROJECTILES. 


iron,  the  weight  of  a  cast-iron  sphere  will  bo  x  0.2607= 

?^|Hx0.2607Z>'=0.134i>\ 
o 

The  multiple  in  the  case  of  lead  balls  is  0.2142. 

To  find  the  diameter  of  a  cast-iron  shot  of  a  given  weight,  re- 
verse the  rule:  divide  the  weight  by  0.134,  and  the  cube  root  of 
the  quotient  will  be  the  diameter  in  inches. 

The  shot  is  inspected  while  perfectly  clean,  and  before  becom- 
ing rusty,  so  that  the  eye  can  detect  any  flaws  or  imperfections  in 
the  metal.  If  any  attempts  have  been  made  to  fill  these  with 
iron,  cement,  <fec,  the  shot  is  at  once  rejected  without  further 
examination.  Such  holes  as  are  found  are  probed  with  a  steel 
punch,  or  struck  with  the  pointed  end  of  the  inspecting  hammer. 

This  hammer  weighs  about  half  a  pound,  and  is  flat  at  one  end 
for  sounding  shot  and  shell,  and  conical  at  the  other.  Cavities 
over  0.2  in.  deep,  cause  rejection. 

The  Riko-Guaoe,  Fig.  106,  PI.  8,  is  a  ring  of  iron  with  a  wooden 
handle,  used  to  determine  the  diameter  of  the  shot.  Two  sizes 
are  used.  The  largest  is  0.02  or  0.03  in.  greater  than  the  true 
diameter  of  the  shot,  and  the  smallest  0.02  or  0.03  less  than  the 
true  diameter.  The  shot  must  pass  in  any  direction  through  the 
large  guage,  and  not  at  all  through  the  small  one. 

(For  dimensions  see  Appendix,  p.  28). 

The  size  of  grape  and  canister  shot  is  determined  by  using  a 
large  and  small  guage  attached  at  the  opposite  ends  of  the  same 
handle,  Fig.  107,  PI.  8.  The  surface  should  be  smooth  and  free 
from  seams. 

The  Ctunder-Guaoe,  Fig.  108,  PI.  8,  is  a  cast-iron  cylinder 
with  reinforce  bands  on  the  exterior,  and  an  interior  diameter 
equal  to  the  diameter  of  the  large  ring-guage.  This  is  placed  on 
blocks  of  wood,  with  one  end  about  2  inches  higher  than  the  other, 
in  such  a  position  as  to  be  easily  turned  so  that  it  will  not  be 
worn  in  furrows  by  the  shot  rolling  through  it.  The  shot  is  then 
rolled  through.  They  should  pass  through  without  sticking  or 
sliding.  In  this  last  case,  it  shows  that  some  one  diameter  is  too 
large.  In  case  they  stick,  they  are  pushed  out  from  the  lower  end 
with  a  rammer. 

(For  dimensions  see  Appendix,  p.  28.) 

The  soundness  or  strength  of  shot  is  proved  by  dropping  them 
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from  a  height  of  20  feet,  on  an  iron  hlock,  or  rolling  them  down 
an  inclined  plain  of  that  height  against  a  shot  at  the  bottom. 

Shells  and  hollow  shot  are  inspected  in  the  same  way,  but 
require  in  addition  the  following  instruments : — 

Callipers,  Fig.  109,  PI.  8,  for  measuring  the  thickness  of  the 
mdal  at  the  sides,  which  consist  of  two  bent  arms  movable  on  a 
common  pivot,  and  showing  on  a  graduated  arc  the  thickness  of 
the  metal ;  or,  Fig.  110,  PL  8,  of  one  strait  arm  which  is  placed 
tangent  to  the  outside  of  the  shell,  and  one  bent,  which  is  inserted 
in  the  shell,  the  thickness  being  shown  on  a  graduated  limb  which 
j^ins  the  two. 

Callipers,  Fig.  Ill,  for  measuring  the  thickness  of  the  shell  at 
the  bottom,  which  consist  of  two  straight  arms  connected  by  a 
circular  piece.  One  of  these  arms  is  inserted  in  the  shell,  and  the 
"ther,  being  movable,  shows  on  a  graduated  side  the  thickness  of 
t  he  metal. 

G cages,  Fig.  112,  for  the  dimensions  of  the  fuse  hole  and 
thickness  of  metal  at  that  point. — These  are  pieces  of  plate  metal 
having  inclined  6ides  to  fit  the  fuze  hole,  with  the  proper  dimen- 
moiis  marked  on  them  for  each  caliber. 

A  pair  of  hand  bellows,  and  a  wooden  plug  to  fit  the  fuze  hole, 
and  bored  through  to  receive  the  nose  of  the  bellows. 

The  shell  is  sounded  with  the  hammer,  to  see  if  it  is  free  from 
e  racks.  The  position  and  dimensions  of  the  ears  are  verified  ;  the 
thickness  of  metal  is  measured  at  several  points  on  the  great  circle 
perpendicular  to  the  axis  of  the  fuze  hole,  at  the  bottom  and  at 
the  fuze  hole.  The  diameter  of  the  fuze  hole,  which  should  be 
accurately  reamed  out,  is  measured  with  the  guage ;  and  the  sound- 
ness of  the  metal  about  the  inside  of  the  hole  is  ascertained  by 
inserting  the  finger. 

The  shell  is  now  placed  in  a  tub  with  water,  deep  enough  to 
cover  it  nearly  to  the  fuze  hole ;  the  bellows  and  plug  are  inserted 
i:i  the  fuze  hole,  and  air  forced  in.  If  there  are  any  holes  in  the 
shell,  bubbles  of  air  will  rise  through  the  water.  Should  there  be 
any  cavities  in  the  metal,  those  portions  will  dry  more  slowly 
than  the  others. 

Shot  and  shells  rejected  in  the  inspection  are  marked  with  a 
cold-chisel  with  an  X, — the  shells  near  the  fuze  hole,  the  shot 
near  the  gate,  or  point  where  the  metal  entered  the  mould. 
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The  shot  and  shell,  a6  soon  as  received,  are  covered  with  a 
coating  of  lacker,  which  should  be  renewed  from  time  to  time  as 
required. 

Preservation. — Shot  and  shell  arc  preserved  in  piles  accord- 
ing to  kind  and  caliber,  under  shelter  if  practicable,  where  there 
is  a  free  circulation  of  air.  The  width  of  the  bottom  tier  may  be 
from  12  to  14  balls,  according  to  the  caliber. 

The  ground  should  be  prepared,  by  raising  it  a  little  above  the 
surrounding  surface  to  throw  off  the  water,  leveling  it,  ramming 
it,  and  covering  it  with  a  layer  of  clean  sand.  Bury  a  tier  of 
unserviceable  balls  about  $  of  their  diameter  in  the  sand.  Place 
the  fuze  holes  of  shells  down  in  the  intervals,  and  not  resting  on 
those  below.  Each  pile  is  marked  with  the  number  of  balls  it 
contains. 

The  base  may  be  made  of  brick,  concrete,  stone,  or  with  braces 
and  borders  of  iron. 

Grape  and  canister  shot  should  be  oiled  or  lackered,  put  in 
piles  or  in  strong  boxes,  on  the  ground  floor,  or  in  dry  cellars, 
each  box  marked  with  its  kind,  caliber,  and  number. 

Each  pile  should  contain  only  one  kind  and  caliber  of  shot, 
and  the  bed  may  be  covered  with  coal-ashes,  or  any  thing  else 
which  will  not  promote  vegetation. 

There  are  three  kinds  of  piles  used,  with  oblong,  square,  and 
triangular  bases;  and  it  often  becomes  necessary  to  calculate 
rapidly  the  number  of  balls  contained  in  them.  To  do  this,  the 
following  formulas  are  used : — 

In  an  oblong  pile  which  has  a  rectangular  base,  let  n=  the 
number  of  balls  in  the  width  of  the  base.  In  the  triangular  end 
the  number  of  balls  in  the  different  horizontal  layers  will  increase 
in  arithmetical  progression  from  1,  at  the  top  to  n,  which  is  the 
bottom  row.  The  sum  to  the  nth.  term,  or  the  number  in  the  end, 

will  then  be  =— ^ —  '*   Representing  by  m  the  number  of  balls 

contained  in  the  upper  edge  of  the  pile,  that  in  each  of  the  lower 
edges  parallel  to  it  will  be  represented  by  ?n-f  n— 1.  Considering 
the  pile  as  a  triangular  prism  whose  bases  are  oblique  to  each 
other,  its  contents  will  be  equal  to  the  number  in  one  of  the  trian- 
gular bases  (the  end  of  the  pile),  multiplied  by  the  mean  of  the 
three  parallel  edges,  representing  the  altitude  of  the  prism — that 
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rule,— Multiply  the  number  of  ball*  in  a 

triangular  face  Inj  one  third  the  sum  of  the  three  parallel  edges. 

If  the  base  of  the  pile  is  square,  rn  becomes  =1,  and  tlio  for- 
mula reduces  to  n  + »  and  if  it  is  triangular,  m  is 
—  1  as  before,  and  another  of  the  parallel  edges  reduces  to  1,  while 

the  third  is  =  n,  and  the  formula  becomes  n  (n'M)  (n+2)* 

2  3 

If  we  have  given  the  number  of  balls  to  be  piled  and  the 
width  of  an  oblong  pile,  m  the  length  of  the  top  row,  and  tho 
two  bides  of  the  f>ase  can  be  at  once  deduced  from  the  formula. 

If  a  pile  consists  of  two  piles  joined  at  a  right  angle,  to  find 
the  contents  of  it  calculate  the  number  contained  in  one  as  a 
common  oblong  pile,  and  the  other  as  a  pile  of  which  Uie  three 
parallel  edges  are  equal. 
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Under  the  term  artillery  material,  are  included  all  carriages 
and  machines  used  for  the  service  of  the  pieces,  lor  the  transport- 
ation of  the  munitions  of  war,  and  for  the  establishment  of  the 
movable  bridges  necessary  on  the  marches  of  an  array.  In  the 
United  States'  service,  the  term  is  more  restricted,  and  does  not 
include  the  apparatus  for  bridges,  which  is  placed  under  charge 
of  the  engineers ;  a  special  company  having  been  formed  during 
the  Mexican  war,  and  kept  up  ever  since. 

A  gun  carriage  is  the  machine  on  which  a  piece  is  mounted 
for  maneuvering  and  firing. 

Those  first  in  use  consisted  of  blocks  of  wood  or  frame  struc- 
tures, upon  which  the  ancient  bombardes  were  fixed,  by  means 
of  iron  work.  These  machines,  made  in  imitation  of  the  mount- 
ings of  small  arms,  bore  the  names  "  fust,"  "  fustage,"  "  house,*' 
the  first  of  which  seems  to  be  derived  from  the  latin  fustis  (club, 
baton),  from  which  the  French  have  got  their  term  affut  (gun 
carriage). 

These  bombardes  were  sometimes 
mounted  on  their  carriages  by  means 
of  a  screw  formed  behind  the  breech, 
L,  Fig.  113 ;  and  later,  a  kind  of  car- 
riage, 0,  Fig.  114,  was  made  use  of.    It  consisted  of  a  framework 
which  could  be  raised  or  lowered  by  the  use  of       .  300 
iron  pins  placed  in  the  uprights  of  a  firm 
structure. 

In  the  next  form,  Fig.  115,  the  framework 
was  mounted  upon  wheels,  or  rather  rollers,  by 
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means  of  which  the  piece 
was  transported  and  fired 
horizontally. 

When  the  arm  was  of 
small    caliber,    it  was 
mounted   upon  a  light 
wooden  horse,  or  placed  rtg.iw. 
on  a  small  wheel-barrow,  which  served  to  transport  and  fire  it. 

When  trunnions  were  first  used  on  guns,  the  carriages  had 


Fig.  ne. 

assumed  pretty  much  the  form  they  now  have.  And  from  the 
time  of  Louis  XI.  and  Charles  VIII.  (1461),  a  limber  was  used 
with  the  carriage,  and  taken  away,  as  now,  when  the  piece  was 
to  be  fired.  The  horses  were  harnessed  to  it  in  single  file,  as  in 
heavy  drays  of  the  present  day. 

The  carriages  of  pieces  of  small  caliber  had  no  limber,  and 
those  of  mortars  and  bombardes  were  mounted  upon  four  small 
wheels. 

At  this  period,  the  other  part  of  the  material 
consisted  of  carts  carrying  powder  and  projec- 
tiles. 

The  largest-sized  pieces  were  carried  on 
wagons.  FIg  m> 

From  the  time  of  Henry  II.  (1547)  boats  were  transported  on 
carriages  in  the  rear  of  armies,  and  used  for  the  construction  of 
bridges. 

Valltcbe's  System. — The  structure  of  gun  carriages  in  France, 
has  undergone  but  little  modification  from  the  earliest  times;  and 
even"  Valliere's  system  did  not  change  it.  His  system  regulated 
dimply  the  caliber  of  the  pieces,  and  did  not  extend  to  the  car- 
riages, the  forms  of  which  were  very  variable.  Gun  and  howit- 
zer carriages  preserved  the  old  form.  Those  for  mortars  were  not 
&o  high,  and  had  no  wheels.    As  formerly,  the  supplies  were 
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transported  in  carts,  the  horses,  being  still  harnessed  in  single  file. 
Copper  pontoons  took  the  place  of  the  boats. 

In  battle,  a  pile  of  balls,  one  of  wads,  and  a  barrel  of  powder, 
were  placed  near  each  piece.    The  rf^~) 
charge  was  taken  from  the  barrel  and  ri* 
placed  in  the  piece  with  a  kind  of  long-handled  ladle  (Fig.  118). 

This  kind  of  artillery,  devoid  of  all  mobility,  was  more  par- 
ticularly suited  for  the  attack  and  defense  of  fortified  places. 

Gribeauval's  System  succeeded  that  of  Valliere  in  1765,  and 
was  the  first  in  which  the  different  parts  were  perfectly  regulated 
and  made  uniform,  so  that  the  parts  of  any  carriage  could  be 
used  on  any  other  of  the  same  kind. 

A  tongue  was  used  and  the  horses  harnessed  double,  which 
enabled  more  rapid  movements  to  be  made,  and  shortened  the 
columns  of  troops  very  much.  From  this  period,  we  find  estab- 
lished a  distinction  between  siege,  garrison,  sea-coast,  and  field 
artillery ;  and  in  the  last-named  the  charges  were  carried  in  boxes 
called  caissons,  all  ready  for  use. 

Desirous  of  giving  to  his  system  the  greatest  possible  light- 
ness and  mobility,  Gribeauval  calculated  the  minimum  dimen- 
sions which  the  different  parts  of  his  carriage  should  have ;  but, 
from  this  resulted  the  grave  inconvenience  of  a  great  multiplicity 
of  kinds,  which  rendered  their  replacement  in  war  very  difficult. 
He  replaced  the  pontoons,  which  were  not  suitable  for  navigation, 
by  large  boats,  better  fitted  for  making  bridges. 

The  mode  of  harnessing  the  horses  in  this  system,  was  espe- 
cially calculated  to  preserve  them.  In  the  year  XI.  attempts 
were  made  to  modify  the  system,  but  were  not  successful  except 
in  the  bridge  equipage,  which  was  made  much  lighter. 

Each  piece  had  a  particular  gun  carriage,  and  its  own  sized 
wheels.  The  greater  part  of  the  wagons  also  had  distinct  wheels. 
The  limbers  were  simplified,  and  some  could  be  used  with  several 
different  carriages.  Eighteen  different  kinds  of  wheels  were  used. 
In  1814,  there  were  in  France  seven  kinds  of  field  gun-carriages, 
six  of  siege,  four  of  garrison,  four  of  sea-coast,  and  four  of 'mor- 
tars. These  are  now  reduced  to  two  of  the  l6t  and  2d  ;  four  of 
tho  garrison  and  sea-coast,  one  mountain  and  four  mortar  carts. 

U.  S.  Carriages. — The  most  essential  properties  of  the  present 
artillery  material  both  of  France  and  this  country  arc :  its  mo- 
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I'ilitj,  and  the  reduction  of  the  different  kinds  to  the  smallest  pos- 
sible number.  All  field  carriages  in  the  U.  S.  service  have  the 
same  limber,  and  the  wheels  are  all  of  the  same  form  and  height,, 
and  fit  on  the  same  axle-tree.  They  differ  only  in  strength  and 
weight.  There  are  two  numbers :  No.  1,  the  lightest,  is  used  for 
the  6-pound  gun  carriage,  the  caisson,  forge,  battery-wagon,  and 
the  limbers  of  all  field  carriages ;  No.  2,  the  heaviest,  for  the  24- 
pound  howitzer  and  12-pound  gun  carriages. 

For  siege  service,  all  the  wheels  are  the  same,  and  used  indis- 
criminately on  all  gun-carriages,  limbers,  and  mortar-wagons. 

The  same  limber  is  used  for  all  siege-carriages. 

GribeauvaFs  carriages  were  provided  with  swingle-trees  and 
movable  splinter-bars,  like  a  stage,  with  a  view  to  give  the  horses 
all  possible  liberty  of  motion.  This  arrangement  made  the  two 
[arts  of  the  carriage  dependent  upon  each  other ;  allowed  but 
little  flexibility  ;  the  connection  between  the  two  often  broke ;  the 
smallest  obstacle  would  overturn,  or  separate  the  two  parts ;  and 
the  caisson  could  not  turn  with  sufficient  ease.  It  was  difficult  to 
limber  and  unlimber,  the  trail  being  very  heavy,  and  it  being 
necessary  previously  to  lift  off  from  its  position  on  the  trail  the 
heavy  box  which  contained  the  ammunition.  Manoeuvring  with 
the  prolonge  in  presence  of  the  enemy  became  necessary,  which 
rendered  the  draught  extremely  difficult,  and  caused  many  acci- 
dents. 

The  swingle-tree,  being  liable  to  get  out  of  order  and  break, 
is  now  entirely  dispensed  with.  In  field-carriages,  the  end  of  the 
tongue  is  supported  by  the  horses;  and  the  two  parts  being 
united  at  a  single  point,  are  perfectly  flexible,  and  can  pass  over 
the  roughest  ground  without  accident.  The  separation  of  the  two 
parts  is  effected  without  any  difficulty,  and  the  U6e  of  the  prolonge 
in  the  presence  of  the  enemy  is  now  entirely  abandoned. 

The  siege-carriages  serve  not  only  to  fire  the  pieces  from,  but 
also  to  transport  them.  Garrison  and  sea-coa6t  carriages  can  be 
used  only  for  the  former  ;  though  some  of  them  are  so  made  as  to 
he  able  to  transport  the  piece  for  very  short  distances,  as  from 
one  face  of  a  fortification  to  another. 

The  French  use  bronze  for  their  nave-boxes  entirely,  as  the 
less  friction  of  the  iron  axle-tree  against  it  is  favorable  to  the 
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draught.  Bronze  is  used  in  our  siege-carriage  wheels,  but  cast 
iron  in  the  field-carriages. 

The  English  have  a  field-carriage  similar  to  our  own  ;  but  the 
fore-wheels  are  smaller  than  the  hind  ones,  and  instead  of  having 
one  ammunition-box  extending  all  the  way  across  the  limber,  thcj 
have  it  divided  in  two,  leaving  an  interval  between  to  enable 
them  to  limber  the  piece,  the  pintle-hook  being  very  long,  and 
extending  up  above  the  bottom  line  of  the  boxes.  Instead  of  a 
pin  for  the  pintle-hook,  a  hinged  hasp  is  used,  which  turns  down 
over  the  top  of  the  pintle-hook,  and  has  to  be  raised  and  turned 
up  in  the  interval  between  the  two  boxes  before  the  piece  can  be 
unlimbered.  No  particular  advantage  is  obtained  from  this 
arrangement ;  and  it  has  the  great  disadvantages  of  lessening  the 
capacity  of  the  box  for  ammunition,  and  destroying,  or  at  least 
impairing  very  much,  its  quality  as  a  seat  for  cannoneers. 

By  means  of  the  modifications  made  in  the  Gribeauval  system, 
the  mobility  of  the  carriages  is  increased.  Repairs,  always  so 
difficult  in  war,  are  made  with  greater  ease,  the  parts  being  able 
to  supply  each  others  places  ;  and  the  field  artillery  possesses  all 
the  necessary  means  to  seize  promptly  the  favorable  occasions  to 
act  during  a  battle. 

Gun-carriages  may  be  divided  into  movable  and  stationary 
carriages.  To  the  former  class  belong  those  used  in  the  field  and 
for  siege  purposes.  The  conditions  which  they  should  fulfill  will 
now  be  examined. 

Movable  carriages  are  UBed  for  the  transportation  of  the  pieces, 
as  well  as  for  firing  them  ;  and  are,  for  these  purposes,  mounted 
on  large  wheels. 

In  firing,  the  carriage  should  yield  to  the  recoil.  Were  it 
fixed  immovably,  it  would  soon  be  destroyed,  no  matter  how  great 
its  solidity.  Its  weight  should  be  proportional  to  that  of  the 
piece.  If  too  heavy,  it  would  soon  be  destroyed  by  the  shocks  of 
the  piece.  If  too  light,  the  recoil  would  be  immoderate.  The 
weight  should  always  be  less  than  that  of  the  piece.  Too  heavy 
a  piece  upon  too  light  a  carriage  will  perform  better  service  than 
the  reverse  arrangement,  since  the  efibrt  exerted  by  a  piece  is  a 
function  of  its  mass  into  the  square  of  its  velocity. 

The  carriage  consists  of  two  cheeks,  connected  together  and 
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with  the  stock  by  assembling-bolts.  The  front  part  supports  the 
piece,  and  rests  upon  an  axlo-trce  furnished  with  wheels,  the 
back  end  of  the  stock  or  trail  resting  on  the  ground,  and  forming 
the  third  point  of  support  for  the  system. 

The  parts  of  the  carriage  between  which  the  piece  it?  placed 
are  called  the  cheek*.  In  ancient  carriages  these  cheeks  extended 
all  the  way  to  the  ground,  joined  to  each  other  by  transoms  and 
bolts ;  but  in  the  new,  the  checks  arc  short,  and  fastened  upon  a 
stock  formed  of  two  pieces  close  together,  and  terminating  in  the 
trail. 

Hie  wheel  is  composed  of  a  nart\  into  which  the  axle-treo 
enters ;  of  a  certain  number  of  *jx*kes  fastened  in  the  nave  ;  and 
the  circumference  of  the  wheel,  which  is  composed  of  a  number 
of  felloe*  equal  to  half  the  number  of  spoke*. 

The  wheels  are  always  made  with  a  certain  convexity  called 
the  di*h.  Hie  obliquity  of  the  spokes  gives  elasticity  to  the 
wheel,  and  protects  it  from  shocks  which,  were  the  spoke*  in  the 
same  plane,  would  destroy  it.  The  dish  should  iucrcase  as  the 
ground  to  be  passed  over  becomes  more  broken. 

The  object  of  the  dish  is,  for  the  purpose  of  making  the  body 
of  the  carriage  wider ;  to  diminish  the  length  of  the  axle-tree, 
thus  increasing  its  strength  ;  to  throw  the  mud  and  water  outside 
the  wheels;  and  to  tend,  from  the  effect  produced  by  the  decom- 
position of  forces,  to  keep  the  wheel  close  against  the  carriage, 
and  prevent  any  tendency  to  run  off  the  axle. 

As  the  weight  of  the  carriage  should  not  be  increased  beyond 
a  certain  point,  it  is  only  by  making  ufc  of  friction,  skillfully 
applied,  that  the  recoil  can  be  diminished.  The  friction  of  a 
wheel  is  pro]K>rtionnl  to  the  ratio  between  the  radii  of  the 
wheel  and  axle.  The  recoil  of  the  carriage  may  be  diminished 
by  decreasing  the  diameter  of  its  wheels,  or  increasing  that  of  its 
axle.  For  this  reason,  certain  carriage*  (as,  for  example,  mortar- 
beds)  have  been  mounted  upon  rollers,  and  others  uj*m  wooden 
axles,  with  truck  wheel*. 

The  weight  of  the  wheels,  as  it  adds  to  the  weight  of  the  car- 
riage, tends  to  diminish  the  recoil.  If  they  are  too  heavy,  they 
strain  the  axle-tree  vcrv  much,  and  tend  to  bend  it.  The  wheels 
slide  along  the  ground  at  iir»t,  and  commence  to  turn  only  after 
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a  certain  length  of  time ;  but  once  they  have  acquired  a  certain 
velocity,  they  carry  the  carriage  with  them  until  this  velocity  is 
destroyed. 

The  position  of  the  trunnions  exercises  some  influence  over 
the  recoil.  The  higher  they  are  placed  above  the  axle-tree,  the 
greater  is  the  arm  of  the  lever  which  tends  to  force  the  trail  into 
the  ground,  the  more  energetic  is  this  tendency,  and  the  more  is 
the  recoil  diminished. 

For  a  given  angle  of  fire  below  the  horizon,  or  for  a  given 
length  of  carriage,  the  carriage  tends  to  overturn  to  the  rear,  rais- 
ing the  wheels.  The  angle  of  incidence  of  the  line  along  which 
the  shock  of  the  piece  is  transmitted  to  the  ground,  has  a  great 
influence  on  the  recoil  of  the  carriage. 

For  siege-guns  and  howitzers,  the  ancient  carriages  were 
very  heavy,  as  were  also  the  wheels.  The  axle-tree  was  of  wood, 
the  elasticity  of  which  was  necessary  to  prevent  accidents. 
Though  the  carriage  was  very  long,  which  diminished  the  angle 
of  incidence  of  the  force  of  recoil,  the  actual  recoil  was  dimin- 
ished by  the  great  weight  of  the  carriage  and  the  friction  of  the 
axle  in  the  nave. 

In  the  more  modern  carriage,  the  axles  are  of  iron,  and  the 
nave-boxes  of  iron  or  bronze,  which  decreases  the  friction.  The 
trunnions  are  nearer  the  stock,  and  the  carriage,  though  lighter,  is 
shorter,  and  hence  the  pressure  exerted  by  the  trail  on  the  ground 
is  increased,  and  the  recoil  kept  within  proper  limits. 

Pieces,  especially  those  which  are  light  relative  to  their  pro- 
jectiles, strain  their  carriages  a  good  deal,  particularly  when  the 
firing  is  at  angles  of  elevation.  Thus,  a  howitzer  carriage  which 
will  resist  a  horizontal  fire  perfectly,  is  liable  to  be  broken  when 
fired  under  a  large  an^le.  The  only  means  to  obviate  this  incon- 
venience is  to  favor  the  recoil  at  first. 

Gribeauvars  howitzers,  which  were  very  light  in  proportion 
to  their  projectiles,  and  which  were  mounted  upon  very  heavy  car- 
riages with  wooden  axles,  frequently  caused  accidents  when  they 
were  fired  at  long  ranges,  or  under  large  angles  of  elevation. 

When  the  space  in  which  a  piece  is  fired  is  limited,  its  recoil 
may  be  reduced  by  using  a  rope,  which,  acting  gradually,  docs 
not  break  the  carriage.   The  rope  is  tied  to  the  felloes  near  the 
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highest  point  of  both  wheels,  leaving  a  portion  slack,  which, 
catching  on  the  stock  when  the  piece  recoils,  forces  the  trail  into 
the  ground. 

Mortars,  which  are  still  lighter  than  howitzers  of  the  old 
model,  and  which  are  habitually  fired  under  large  angles,  should 
never  be  mounted  upon  wheel-carriages ;  for  their  recoil  being 
very  violent  and  almost  direct,  would  break  and  crush  the  axles. 
For  this  reason  mortar  carriages  are  without  wheels. 

In  general,  a  gun  carriage  should  be  so  made  as  to  be  easily 
placed  in  the  direction  of  an  object,  and  allow  the  piece  different 
degrees  of  elevation  or  depression  within  the  limits  recognized 
as  necessary  for  the  kind  of  service  in  which  it  is  to  be  used.  It 
should  also  be  such  as  to  be  easily  manoeuvred  by  the  smallest 
]>ogsible  number  of  men  for  any  particular  caliber,  and  its  recoil 
should  be  restrained  within  proper  limits. 

Carriages  with  two  wheels,  or  carts,  enjoy  some  special  advan- 
tages, but  they  have  the  disadvantage  of  requiring  the  first  horse 
attached  to  them  to  bear  a  part  of  the  load,  which  diminishes  his 
draught  powers,  and  the  rate  of  traveling.  This  fact,  recognized 
from  the  earliest  times,  led  to  the  adoption  of  the  fore  wheels  in 
the  form  of  the  limber,  by  which  the  cart  becomes  a  four-wheeled 
vehicle,  which  runs  easier,  and  is  more  serviceable. 

It  is  apparent  that  for  the  proper  maneuvering  of  the  piece, 
it  is  of  importance  that  the  connection  between  the  gun-carriage 
and  its  limber  should  be  as  easily  and  as  promptly  made  as 
possible. 

The  gun-carriage  and  its  limber  united  form  a  four-wheeled 
vehicle,  which  should  satisfy  the  same  conditions  as  other  car- 
riages. 

In  all  kinds  of  carriages,  the  ease  of  draught  is  increased  by 
enlarging  the  diameter  of  the  wheels  and  decreasing  those  of  the 
axles.  There  is,  however,  but  little  advantage  in  using  wheels 
more  than  from  58  to  62  in.  high.  Those  used  in  our  field- 
t*rvice  are  57  in.,  and  those  for  siege-carriages,  60  in.  high. 

Formerly,  the  greater  part  of  the  axle-tree  was  made  of  wood, 
fitting  into  nave-boxes  of  iron,  which  caused  a  considerable 
amount  of  friction ;  but  the  elasticity  of  these  axles  was  indispens- 
able in  preserving  certain  very  heavy  carriages,  which  did  not 
run  easy.  Gribeauval  adopted  the  use  of  iron  axles  for  the 
greater  part  of  field-carriages,  with  bronze  for  the  nave-boxes. 
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This  arrangement  allows  the  axles  to  be  made  smaller,  diminishes 
the  friction,  and  favors  the  draft,  and  these  last  objects  are  far- 
ther attained  by  the  use  of  grease. 

Increasing  the  diameter  of  the  wheel  diminishes  the  draft  in 
soft  ground ;  as  the  large  wheel  bearing  upon  a  greater  number 
of  points,  makes  a  shallower  rut.  This  is  also  the  case  with  wide 
felloes. 

The  large  wheel  is  also  advantageous  for  surmounting  obsta- 
cles. One  wheel  twice  the  height  of  another  will  surmount,  other 
things  being  equal,  an  obstacle  twice  as  high  as  will  the  small 
wheel. 

On  the  other  hand,  as  the  dimensions  of  the  wheel  increase 
its  weight  and  price  become  greater,  so  that  beyond  58  inches, 
the  advantages  to  be  gained  in  a  few  particular  instances  arc  not 
sufficient  to  outweigh  the  objections  to  a  further  increase  in 
diameter. 

It  may  be  remarked  besides,  that  if  the  axletree  be  higher 
than  the  breast  of  the  horse,  there  would  be  a  decomposition  in 
the  tractive  force,  and  the  carriage  would  be  difficult  to  manage 
in  going  down  even  the  most  gradual  descents.  In  this  view, 
then,  there  is  a  Umit  to  the  size  of  the  wheel.  As  the  horse  acts 
from  the  shoulder,  the  traces  ought  to  be  inclined  downwards 
from  that  point.  For  an  unloaded  horse,  the  most  advantageous 
angle  of  traction  appears  to  be  about  12°  ;  but  when  he  carries  a 
rider,  as  his  shoulders  are  already  loaded  the  most  advantageous 
angle  is  reduced  to  6°,  which  is  about  the  angle  made  by  the 
traces  in  the  carriage  now  adopted.  This  limits  the  height  of  the 
wheel  to  about  58  inches.  But  as  only  one  of  the  horses  in  each 
couple  carries  a  rider,  it  results  that  the  most  advantageous  angle 
of  traction  is  really  comprised  between  6°  and  12°. 

When  the  carriages  are  designed  to  pass  over  very  unequal 
broken  ground,  there  is  an  advantage  in  the  wheels  of  both  parts 
being  equal  in  height ;  for,  were  they  unequal,  the  smallest — turn- 
ing the  quickest  to  get  over  the  same  distance — experience  more 
resistance,  and  often  slide  in  place  of  turning ;  besides  which,  a 
small  obstacle,  as  a  stone,  would  suffice  to  stop  them. 

When  the  ground  passed  over  is  very  undulating,  there  is  an 
advantage  in  the  two  parts  of  the  carriage  being  connected  by  a 
single  point,  for  then  they  might  be  on  differently  inclined  ground 
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without  hampering  or  dropping  each  other.  The  force  of  trac- 
tion of  the  limher  is  then  applied  to  the  axletree  of  the  rear  car- 
riage, and  its  action  is  as  direct  as  possible. 

In  this  kind  of  carriage,  the  center  of  gravity  should  be  as 
low  as  i»oKMlile,  in  order  that  the  carriage  bo  less  liable  to  turn 
over. 

The  distance  between  the  axletrees  of  the  limber  and  rear  car- 
riage is  of  great  importance.  As  the  carriage  should  be  able  to 
pass  over  the  sharp  crest  of  a  hill,  it  should  not  be  too  long;  for 
it  might  happen  that  the  body  would  catch  on  the  summit  and 
the  wheels  be  suspended  on  each  side.  Taking  30°  as  the  maxi- 
mum sloj»e  accessible  to  artillery,  and  we  have  for  the  distance 
between  the  two  axletrees  : 

For  field  artillery,  91)  inches.  It  really  is  96  inches  for  the 
light  pieces,  and  101.7  inches  for  the  heavy,  in  field  artillery. 

In  field-artillery  carriage,  as  the  horses  bear  all  the  weight  of 
the  tongue,  it  is  made  as  light  as  }H>esihlc  In  order  not  to  be  too 
fatiguing  for  the  rear  team. 

In  siege  artillery  it  can  l>e  made  much  heavier  and  stronger 
as  it  is  held  up  by  the  trail  bearing  ujsm  its  rear  end. 

To  facilitate  maneuvering,  the  carriages  tdiould  have  the 
greatest  turning  capacity  possible.  Two-wheeled  earring**  are 
the  only  ones  which  can  turn  on  their  own  irround.  Four- 
wheeled  ones  always  have  to  dcberibe  an  arc  of  a  circle.  In  car- 
riages which  have  all  the  wheels  equal,  the  necessary  turning 
capacity  has  been  given  by  mim  ing  as  much  as  ]H»^ible  the 
width  of  the  middle  part  of  the  carriage,  employing  for  that  pur- 
j*>re  a  narrow  t>t«**k.  lly  this  means,  the  modern  carriage  has  at 
least  as  great  a  turning  capacity  as  <  iribeauval's,  the  fore  wheels 
of  which  were  the  *malle*t. 

In  four-wheeled  carriages,  the  two  parts  should  be  loaded  in 
proj»orti«>n  to  the  diameter  of  the  whccU.  The  front  wheels, 
breaking  the  road  and  forming  the  nit,  inert  with  more  refinance 
than  the  hind  wheel*,  nnd  t>hould  not  be  too  heavily  loade<I. 
Other  things  being  c«|ual  the  weight  which  they  carry  should  bo 
to  that  on  the  hind  wheel*  as  2  :  .'t. 

The  length  of  the  a&letnv  and  the  tlUh  of  the  wheel,  deter- 
mine the  width  of  the  tr<wl\  which  i*  the  distance  between  the 
impression  of  the  wheeU  on  the  ground  measured  from  center  to 
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center.  A  knowledge  of  the  track  of  a  carnage  and  the 
length  of  its  axlctree,  is  indispensable  in  making  reconnoissances 
of  defiles  and  routes  to  be  passed  over  by  columns  of  artillery. 
The  track  of  all  our  carriages  is  60  inches,  and  the  greatest 
length  of  axletrce  is  81.8  inches  (siege)  ;  the  field  axletree  being 
78.84. 

Field  carriages  should  be  able  to  carry  a  sufficient  quantity  of 
ammunition  to  prevent  the  possibility  of  the  pieces  being  without 
it,  and  to  seat  the  cannoneers  when  it  becomes  necessary  to  move 
at  rapid  gaits. 

All  possible  liberty  should  be  allowed  the  horses  when  har- 
nessed, in  order  that  the  action  of  one  may  not  shackle  the  others, 
that  accidents  may  be  as  rare  as  possible,  and  that  killed  and 
wounded  horses  may  be  replaced  easily  and  promptly. 

A  draught-horse  can  draw  1,800  lbs.  23  miles  a  day,  weight 
of  carriage  included,  on  a  good  smooth  road,  and  3,000  lbs.  on  a 
paved  road.  At  a  trot'  and  on  good  roads,  the  weight  is  reduced 
to  840  lbs.  In  the  French  field  artillery,  each  horse  has  to  draw 
720  lbs.  In  our  service  it  varies  from  530  to  760  lbs.  for  the  field 
service,  and  from  900  to  1,000  lbs.  for  the  siege. 

As,  upon  ordinary  roads,  a  horse  can  draw  about  seven  times 
as  much  as  he  can  carry,  and  the  mule  about  the  same',  it  follows 
that  military  stores  and  machines  should  be  packed  only  when 
they  cannot  be  drawn. 

A  good  pack-horse  or  mule  can  carry  from  250  to  300  lbs.  20 
miles  a  day. 

The  quality  and  degree  of  mobility  of  the  different  kinds  of 
material,  should  be  in  keeping  with  their  destination.  Hence 
results  its  division  into  different  classes,  according  to  the  kind  of 
service  in  which  it  is  used.  1st.  Field  material.  2d.  Mountain. 
3d.  Siege  and  garrison.  4th.  Sea-coast;  and  5th.  Bridge 
equipages. 

FIELD  MATERIAL. 

It  is  composed  of  six  different  carriages,  all  having  the  same 
kind  of  limber  and  the  same  sized  wheel,  so  that  any  limber  or 
any  wheel  may  be  used  with  any  carnage,  though  if  possible  the 
heaviest  wheel  (No.  2),  should  be  used  on  the  carriages  of  the 
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three  heaviest  pieces,  12-pd.  pun  and  24  and  32-pd.  howitzers. 
Tlie  two  parts  of  these  carriages,  are  connected  by  a  st<»ck,  l»y 
means  of  a  pintle  hook  and  lunette.  In  consequence  of  this  tingle 
j*»iiit  of  connection,  the  tongue  is  not  influenced  by  the  move- 
ments of  the  rear  part  of  the  carriage,  a  matter  of  muiic  import- 
ance in  regard  to  fatiguing  the  horses. 

The  independence  of  the  two  parts  requires  the  weight  of  the 
tongue  to  be  supported  by  the  horses,  and  it  is  consequently  made 
as  light  as  is  consistent  with  its  proper  strength. 

Thus  constituted,  these  carriages  can  mameuvrc  easily  on  vcrv 
rough  ground,  which  they  are  often  required  to  pass  over.  The 
disadvantage  of  the  way  in  which  the  horses  are  hamcr>srd  to 
these  carriages,  results  from  the  oscillations  of  the  tongue,  which 
is  very  fatiguing  to  them,  although  the  improvements  introduced 
in  the  harness  have  reduced  this  defect  very  much. 

The  six  carriages  are — 

1.  The  carriage  for  the  fl-pd.  gun  and  12-pd.  howitzer. 

2.  44       44  44      24-jmI.  howitzer,  and  formerly  for  the 

9-pd.  gun  also. 

3.  44       44  i4      12-pd.  gun  and  32-pd.  howitzer. 

4.  Cannon. 

5.  Battcrv-wagon ;  and 
i*.  Traveling-forge. 

1,  2,  axi»  3,  Tiik  (ii  x  Carbiaoks  Fig.  110.  PI.  0,  consist  of  two 
short  cheeks  of  wood,  bolted  ujx«n  a  stork  and  wooden  axle-hodv, 
in  a  reecs*  of  which  tits  the  iron  axle  on  whieh  the  wheels  arc 
placed.  The  stock  terminate*  in  a  tntil  and  tmil  jJ<it*\  which 
rests  on  the  ground,  and  has  on  the  end  a  strong  ring  called  the 
/wwAV,  which  is  placed  on  the  pintle  hook  when  the  piece  is  Iim- 
U-rcd.  In  the  stock  is  placed  an  elevating  screw-box  of  bronze, 
in  which  the  elevating  screw  fits. 

The  limber  consists  of  a  similar  axle-body,  axle,  and  two  wheels  ; 
and  on  these  rests  a  framework  to  receive  the  tongue.  On  top 
of  the  whole  is  an  ammunition  box,  the  top  of  which  forms  a  scat 
for  three  cannoneers.  In  rear  of  the  axle-tree  i»  a p'mtU  h<*tk  to 
receive  the  lunette  of  the  trail.  Connected  with  the  framework 
in  front  is  a  fixed  *jJint*r^Hir  with  four  hooks,  to  which  are 
attached  the  traces  of  the  rear  team  of  horses. 
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At  the  extremity  of  the  tongue  are  placed  two  pole-chains,  by 
which  the  pole  is  held  up,  and  a  pole-yoke  with  two  movable 
branches,  to  prevent  as  much  as  possible  the  pole  from  oscillating 
and  striking  the  horses.  Each  of  those  branches  has  on  it  a  freely 
sliding  ring,  which  is  connected  by  a  leather  strap  to  the  collar  of 
the  horse,  and  allows  him  greater  freedom  of  motion.  The  pole- 
chain  is  hooked  on  to  a  ring  on  the  breast-strap.  The  traces  of 
each  horse  of  the  front  teams  are  hooked  on  to  those  of  the  horse 
in  his  rear,  just  behind  the  collar,  and  are  suspended  by  his  sides 
in  scabbards. 

(For  dimensions,  weights,  <fcc,  see  Appendix,  p.  4. 

4.  The  Caisson,  Fig.  120,  PI.  9,  is  a  carefully  closed  carriage 
used  to  transport  ammunition.  All  caissons  are  the  same  on  the 
exterior.  They  differ  in  their  interior  compartments,  which  vary 
according  to  the  nature  of  the  ammunition  with  which  they  are 
loaded. 

On  the  axle-body  of  the  rear  part,  and  in  a  direction  parallel 
to  the  stock,  are  placed  three  rails,  upon  which  are  fastened  two 
ammunition  boxes,  one  behind  the  other,  and  similar  to  the  one 
on  the  limber ;  so  that  the  caisson  has  three  ammunition  boxes, 
which  will  seat  nine  cannoneers.  A  wooden  stock  and  lunette 
serve,  as  in  the  gun  carriages,  to  connect  the  two  parts  together. 

In  rear  of  the  last  box  is  placed  a  spare  wheel  axle  of  iron, 
with  a  chain  and  toggle  at  the  end  of  it.  On  the  rear  end  of  the 
middle  rail  is  placed  a  carriage  hook,  similar  to  a  pintle  hook,  on 
which  the  lunette  of  a  gun-carriage  whose  limber  has  become 
disabled,  may  be  placed,  and  the  gun  carried  off  the  field.  Under 
the  hind  axle  a  spare  pole  ring  is  placed,  through  which  an  extra 
pole  is  run,  and  sustained  in  its  position  under  the  stock  by  a  key 
plate  and  key  fixed  beneath,  near  the  lunette. 

The  caisson  has  the  same  turning  capacity  and  mobility  as  the 
gun  carriage,  so  that  it  can  follow  the  piece  in  all  its  manoeuvre* 
if  necessary. 

The  object  of  the  caisson  is  to  carry  a  supply  of  ammunition, 
the  limber  of  the  gun-carriage  carrying  the  instruments  for  use 
with  the  piece,  and  such  ammunition  as  may  be  necessary  for  its 
immediate  use.  The  caisson  has  also  slots  left  in  the  iron  assemb- 
ling-bars, between  and  in  rear  of  the  boxes,  for  the  reception  of  an 
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axe  and  a  pick,  and  at  the  side  and  under  tlie  boxen,  staples  and 
other  arrangements  for  securing  a  long-handled  shovel  and  a 
spare  handspike. 

(For  dimensions,  weight,  and  equipment,  sec  Appendix,  pp. 
6  and  15.) 

5.  The  battebt  WAGON,  Fig.  121,  PI.  9,  consists,  besides  the  lim- 
ber, of  a  long-bodied  cart  with  a  round  top,  which  is  connected 
with  the  limber  in  the  same  way  a*  all  other  field-carriages.  The 
lid  opens  on  hinges  placed  at  the  side ;  and  in  rear  is  fixed  a  mov- 
able forage-rack,  for  carrying  long  forage. 

( >ne  of  these  battery  wagons  accompanies  each  field-battery, 
for  the  purpose  of  transporting  carriage-makers'  and  saddler*' 
tools,  spare  parts  of  carriages,  harness,  and  equipments,  and  rough 
materials  for  replacing  different  parts. 

Both  this  and  the  forge  are  made  of  equal  mobility  with  the 
other  field-carriages,  iu  order  to  accompany  them  wherever  they 
may  1m»  required  to  go. 

The  cover  is  made  of  light  pine,  tongucd  and  grooved,  and 
covered,  after  being  painted,  with  canvas. 

For  dimensions  and  contents,  see  Ap|»cndixt  p.  19  to  *25. 

6.  Tne  kobt.e,  Fig.  12*2,  PI.  9,  consists,  lxVides  the  liml>er,  of  a 
frame-work  of  three  rails  and  cross-ties,  on  which  is  fixed  the  bel- 
lows, fin-place,  iVc.  The  stock,  held  up  by  a  prop,  serves  as  a 
support  for  a  vice.  Iichind  the  bellows  is  placed  a  coal-box, 
which  has  to  Ik?  removed  before  the  bellows  can  be  put  in  |>oMtion. 

In  the  limber-box  are  placed  the  tools  for  use  with  the  forge, 
hoix'-xlu^es,  nails,  and  spare  part*  (iron)  of  carriage,  harness,  «fcc. 

One  of  these  forges  accompanies  each  field-battery,  and  others 
are  provided,  4*quip]»cd  for  general  service  with  the  army. 

The  forge  tdiould  be  as  tight  and  movable  as  j*»m»ible,  iu  order 
to  Ik*  able  to  repair  promptly  to  the  a**i.»tancc  of  any  carriages 
which  may  become  disaMed. 

For  dimensions,  weight,  arid  equipment,  trv  Appendix,  p.  o* 
to  2.1. 

Mot  NTAix  Akthj.kkt. — Tlie  material  for  mountain  artillery 
service  conM.»ti*  of,  a  guncarriagc  for  the  ll?-j«d.  mountain  howit- 
zer, without  a  limber;  ammunition-boxes  for  the  supplies  and 
•tore*,  and  a  j»orta!>le  forgi-,  which  is  carried  in  boxes. 
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Tins  Carriage,  Fig.  123,  PI.  9,  is  formed  like  the  field  gun- 
carriage,  but  much  smaller,  the  cheeks  not  being  formed  of  pieces 
distinct  from  the  stock,  but  all  three  made  of  two  pieces  bolted 
together.  The  axle-tree  is  of  wood,  which  lessens  the  recoil,  and 
gives  an  elasticity  to  the  whole  carriage  better  adapted  to  resist 
the  shocks  of  firing.  The  wheels  are  but  38  inches  high.  Ordin- 
arily, over  rough  ground,  the  carriage  is  transported  on  the  backs 
of  mules ;  but  where  it  is  possible  to  do  so,  a  pair  of  shafts  is 
attached  to  the  trail  in  such  a  way  as  to  keep  it  from  the  ground, 
and  the  piece  is  drawn  on  its  carriage  by  harnessing  one  of  the 
pack-mules  to  it. 

The  ammunition  for  the  howitzer  and  the  cartridges  for  small 
arms  are  carried  in  the  ammunition-boxes  on  the  backs  of  mules, 
two  boxes  to  each  mule. 

The  same  kind  of  pack-saddle  is  used  for  carrying  the  piece, 
carriage,  ammunition,  and  forge.  The  transom  on  each  side  of 
the  saddle  has  a  circular  notch  cut  in  it,  to  receive  the  trunnions  of 
the  piece,  which  is  carried  wTith  the  muzzle  to  the  rear. 

For  the  transportation  of  a  single  piece,  its  carriage,  and 
ammunition,  three  mules  are  required. 

On  the  1st  is  placed  the  piece,  and  shafts  of  the  carriage,  weigh- 
ing 251  lbs. 

"     2d        "         carriage  and  implements,  weighing 

295  lbs. 

u     3d        "     two  ammunition-chests,  weighing  about 

238  lbs. 

To  attach  the  shafts  to  the  trail,  the  supporting  bar  is  laid  on 
the  trail-plate,  near  the  handspike-staple,  the  projecting  knee  in 
rear  of  the  lunette  resting  on  the  cross-bar  plate ;  these  two  pieces 
having  holes  through  them,  by  means  of  wliich,  with  a  pin,  they 
are  keyed  together.  For  dimensions,  weights,  <fcc,  see  Appendix, 
p.  26. 

The  Portable  Forge  is  designed  for  service  in  a  mountain- 
ous country,  where  wheeled  vehicles  cannot  travel,  for  the  pur- 
pose of  making  repairs  not  only  for  the  artillery,  but  for  all  other 
arras  of  service  taken  on  such  expeditions. 

Its  construction  is  as  follows : 

The  hearth  is  of  sheet  iron,  bent  into  a  hollow  form,  and  riv- 
eted to  an  iron  frame.   The  hack  of  the  hearth  is  bent  under  the 
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bottom  and  riveted  to  it.  The  harder  of  the  hearth  is  bent  round 
the  back,  and  is  riveted  to  it  and  to  the  frame.  The  back  of  the 
fire-place  is  of  sheet  iron,  connected  with  the  back  of  the  hearth 
by  two  hinges,  which  are  riveted  to  each.  The  edges  of  both  the 
back  pieces  are  stiffened  by  strips  of  sheet  iron  riveted  to  them. 
An  air  back  is  formed  by  a  piece  of  sheet  iron,  bent  hot  into  a 
convex  shape,  and  riveted  to  the  inside  of  the  plate  of  the  fire- 
place. A  button,  turning  on  an  axis  which  is  riveted  to  the  out- 
side of  the  back  plate,  serves  to  fasten  this  plate  to  a  stud  in  the 
front  border  of  the  hearth,  when  the  back  is  turned  down  on  its 
hinges. 

The  frame  is  supported  by  three  legs,  which  are  connected  with 
it  by  bolts,  so  that  they  can  be  folded  up  close  to  the  frame.  The 
front  leg  is  divided  into  two  branches,  which  are  bolted  to  two 
eye-pieces  which  are  riveted  to  the  sides  of  the  frame.  The  two 
other  legs  are  connected  together  by  a  cross-bar,  with  a  nut  at 
each  end.  This  bar  supports  also  the  fork  in  which  the  bellows 
handle  works.  The  legs  of  the  frame  have  round  tenons  at  the 
lower  ends,  with  shoulders  which  rest  on  three  socket  plates 
attached  to  the  side  of  the  forge-chest,  for  the  forge  to  stand  on 
when  set  up  for  use. 

The  bellows  handle  is  of  iron,  with  a  wooden  head.  It  is 
attached  to  a  fork  which  fits  in  a  square  hole  in  the  cross-bar 
joining  the  rear  legs  of  the  frame.  The  lower  end  of  the  handle 
is  hooked  into  a  connecting  rod  attached  to  the  rear  end  of  the 
bellows ;  it  is  fastened  to  this  rod  by  a  sliding  catch  which  is  se- 
cured by  a  thumb  screw.  When  the  bellows  is  dismounted,  this 
rod  is  hooked  into  an  eye  on  the  upper  side  of  the  bellows,  to 
keep  it  closed. 

The  Bellows. — The  frame  consists  of  an  upper,  a  lower,  and  a 
middle  plank  (walnut),  and  two  ribs  (poplar),  connected  by  a 
cross-head,  as  in  a  common  smith's  bellows.  There  are  valves  in 
the  middle  and  the  lower  plank. 

A  bar  of  iron,  attached  to  the  middle  plank,  terminates  in  two 
journals,  which  support  the  bellows,  fitting  in  the  joints  of  the 
rear  legs  of  the  frame  of  the  forge. 

The  nozzle,  of  sheet  iron,  is  inserted  into  the  cross-head,  above 
the  middle  plank.  It  enters  into  a  cast-iron  pipe  which  is  at- 
tached to  the  rear  of  the  forge  back  by  means  of  a  bridle  bolted 
to  the  back  plate  of  the  hearth. 
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A  handle  is  attached  to  a  plate  which  is  fastened  on  the  upper 
bellows-plank.  A  leaden  weight  of  one  pound  is  attached  to  the 
inside  of  the  lower  plank,  by  the  rivets  which  hold  the  eye-plate 
on  the  connecting  rod. 

The  bellows  leather  (calfskin)  is  fastened  to  the  planks  by  small 
bellows-nails. 

A  small  anvil  accompanies  the  forge,  and  is  fitted  into  a  block 
of  wood,  and  fastened  with  an  iron  pin. 

The  forge  is  made  to  pack  into  two  boxes  similar  to  the  am- 
munition boxes,  and  is  like  them  carried  on  the  back  of  a  mule. 
Weight,  232  lbs.,  which  includes  the  weight  of  the  blacksmith's 
tools  and  materials  necessary  for  the  use  of  the  forge. 

The  carriage  maker's  tools,  and  coal  for  the  forge,  arc  carried 
in  two  similar  boxes  on  another  mule.    Weight,  115  lbs. 

As  all  this  material  is  made  to  be  packed  on  the  backs  of 
mules,  it  can  be  carried  over  the  roughest  country. 

The  recoil  of  the  carriage  being  considerable,  it  is  limited  as 
heretofore  described  (especially  when  the  ground  on  which  the 
piece  is  used  is  very  narrow),  by  attaching  a  rope  to  the  top 
parts  of  the  wheels  so  as  to  press  against  the  trail  when  the  car- 
riage recoils. 

The  Praihie  Carriaok. — The  necessity  for  a  small  carriage  for 
the  mountain  howitzer  when  U6cd  on  our  wostern  prairies,  has 
led  to  the  adoption  of  a  special  carriage  for  that  service,  with  a 
limber  attached  as  in  a  field  carriage.  This  gives  a  carriage  less 
liable  to  overturn,  and  preferable  in  many  ways  for  that  sen  ice 
to  the  two-wheeled  one.  The  limber  is  furnished  with  two  am- 
munition boxes,  placed  over  the  axle-tree  and  parallel  to  it,  and 
just  wide  enough  for  one  row  of  shells  and  their  cartridges. 

The  caisson  for  this  new  carriage  is  a  two-wheeled  cart  with 
shafts,  on  which  are  fixed  four  boxes  for  ammunition,  similar  to 
those  on  the  limber,  but  placed  perpendicular  to  the  axle-tree^  and 
a  fifth  box  for  equipments,  »fcc.,  in  front  of  the  other  boxes,  per- 
pendicular to  them  and  resting  against  their  ends. 

Siege  Material. — The  material  for  service  in  sieges  consists  of 

l»t.  Gun  carriages. 

2d.  Platforms  for  these  carriages. 

3d.  Mortar-wagons. 

4th.  Mortar-beds. 

5th.  Platforms  for  these  beds, — 
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And  some  other  implements  or  machines  which  are  used  also 
in  the  field  and  in  garrison,  such  as,  the  Gins,  the  (Siege  and  Field, 
the  Garrison  and  the  Casemate),  Sling  Cart,  Hand  Cart,  Lifting 
Jack,  Lever  Jack,  Truck,  Manoeuvring  Blocks,  &c. 

1st.  The  gun-carriage^  Fig.  124,  Plate  10,  are  three  in  num- 
ber, as  follows : 

One  for  the  12  pound  gun. 

"    "    «  24    «      "  and  8  in.  howitzer. 

They  are  all  constructed  in  the  same  manner,  differing  only 
in  their  dimensions.  All  the  limbers  and  wheels  are  the  same, 
so  that  they  can  be  used  in  common. 

The  gun-carriage  is  similar  in  its  construction  to  the  field 
carriage,  but  is  joined  to  the  limber  in  a  different  way.  Project- 
ing upwards  from  the  limber  and  in  rear  of  the  axletree,  is  placed 
a  pintle,  which  enters  a  hole  made  in  the  trail  from  the  under 
side,  and  a  lashing-chain  and  hook  keep  the  two  parts  together 
when  once  in  position.  The  weight  of  the  trail  resting  on  the 
rear  end  of  the  tongue  keeps  this  nearly  horizontal,  and  relieves 
the  horses  of  the  weight  of  it,  which,  as  it  must  be  both  long  and 
heavy,  is  too  much  for  the  horses  to  carry. 

The  splinter  bar  is,  as  in  field  carriages,  stationary,  but  the 
traces  of  the  next  team  are  attached  to  a  movable  bar  which  is 
connected  with  the  end  of  the  tongue.  The  tongue  is  furnished 
with  pole-chains  but  no  yoke,  and  the  rest  of  the  teams  are  bar- 
ncssed  as  in  field  artillery. 

It  is  not  necessary  for  siege  carriages  to  have  the  same  degree 
of  mobility  and  flexibility  that  field  carriages  have,  as  they  are 
properly  speaking  transportation  wagons  for  use  on  roads,  and 
never  intended  for  manoeuvring  with  troops. 

The  axle-trees  are  of  iron  with  axle-bodies  of  wood ;  which 
last,  by  its  elasticity,  renders  the  percussion  of  the  piece  less  direct 
and  violent. 

On  the  upper  surface  of  the  cheeks,  near  the  back  ends,  are 
placed  two  projecting  bolts  which,  with  the  curve  of  the  cheeks, 
form  resting  places  for  the  trunnions,  when  the  piece  is  in  posi- 
tion for  transportation.  They  are  called  the  traveling  trunnion- 
beds.  When  in  this  position,  the  breech  of  the  piece  rests  upon 
the  bolster,  a  curved  block  of  wood  bolted  to  the  upper  side  of 
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the  stock.  On  each  side  of  the  trail,  and  perpendicular  to  it,  a 
strong  manoeuvring  bolt  is  placed  to  serve  as  places  to  apply  the 
handspikes  in  manoeuvring  the  carriages,  or  as  handles  in  lim- 
bering, unlimbering,  &c. 

The  traveling  trunnion-beds  are  used  for  the  purpose  of  dis- 
tributing the  load  more  equally  over  the  carriage.    Before  the 
piece  is  put  in  the  traveling  position,  the  elevating  screw  is  taken 
out  and  inserted  from  beneath  in  the  screw-box,  and  the  piece  is 
run  forward  to  its  position  on  rollers,  the  carriage  being  limbered. 
The  limber  consists  of — 
1  the  fork,  2  the  splinter  bar,  3  the  hounds,  4  the  sweep  bar, 
5  the  tongue,  6  the  pintle,  7  the  lashing-chain  eye,  8  the  axle 
tree  (iron). 

The  sweep  bar  is  of  iron,  and  on  it  rests  the  trail  which  by  its 
weight  keeps  up  the  tongue.  (For  dimensions,  see  Appendix,  p. 
5.) 

The  transportation  of  a  24-pdr.  gun  requires  ten  horses  and 
five  drivers;  an  18-pdr.  eight  horses  and  four  drivers ;  a  battery 
wagon  six  horses  and  three  drivers ;  and  spare  carriages — at  the 
rate  of  one  for  every  five  pieces — require,  each,  six  horses  and 
three  drivers. 

When  the  8-inch  howitzer  is  mounted  on  the  24-pounder  car- 
riage, a  quoin  is  used,  instead  of  the  elevating  screw ;  the  how- 
itzer being  too  short  to  rest  on  the  screw. 

2d.  Platforms.  Fig.  125,  Plate  10.  As  the  siege  pieces,  to 
be  of  efficient  service,  must  have  their  carriages  on  a  solid  foun- 
dation with  the  wheels  on  a  level,  a  platform  is  provided  for  each. 
They  are  constructed  at  the  arsenals,  and  should  be  as  light  as 
possible,  compatible  with  sufficient  strength  to  resist  the  shocks 
of  the  piece.  All  the  pieces  composing  them  arc  of  the  same 
dimensions,  each  weighing  50  lbs.  They  are  made  of  yellow  pine 
or  oak,  are  49  in  number,  9  ft.  long,  5  in.  wide,  and  3£  in.  thick. 
One  of  these  pieces  is  used  as  a  kurter  on  the  front  part  of  the 
platform,  to  prevent  the  carriage  running  too  far  forward.  The 
recoil  is  diminished  and  the  water  made  to  run  off  by  giving  the 
platform  an  inclination  to  the  front.  (For  dimensions,  see  Appen- 
dix, p.  11.) 

Latino. — To  lay  this  platform,  establish  the  center  line  of  the 
embrasure,  and  stretch  a  cord  on  this  line  from  the  middle  of  the 
embrasure  to  the  rear.   This  is  the  directrix  of  the  platform. 
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Lay  the  two  outside  sleepers  parallel  to  this  directrix,  their 
outside  edges  being  54  inches  distant  from  it.  The  four  other 
sleepers  are  laid  parallel  to  these,  the  edge  of  each  inches 
from  the  edge  of  the  next.  The  upper  surface  of  the  front  ends 
of  these  sleepers  to  be  50  inches,  on  a  vertical  line,  below  the  sole 
of  the  embrasure. 

They  are  laid  with  an  elevation  to  the  rear  of  1$  inches  to  the 
yard,  or  4£  inches  to  their  whole  length.  This  elevation  may  be 
determined  by  placing  a  block  4£  inches  high  on  the  front  end  of 
the  sleeper,  and  laying  a  straight  edge,  with  a  gunner's  level  on 
it,  from  this  block  to  the  rear  end,  then  so  arrange  the  earth  as  to 
bring  the  level  true  in  this  position. 

The  next  set  of  sleepers  are  laid  against  and  inside  of  the  first, 
overlapping  them  three  feet,  having  the  rear  ends  inclined  out- 
wards, so  that  the  outer  edges  of  the  exterior  ones  shall  each  be 
54  inches  from  the  directrix,  and  the  spaces  between  the  rear 
edges  of  the  others,  the  same  as  in  the  first  set,  viz.,  15£  inches 
from  the  edge  of  one  to  the  edge  of  the  next,  all  having  the  eleva- 
tion to  the  rear  of  1£  inches  to  the  yard,  and  perfectly  level 
across.  The  earth  is  then  rammed  firmly  around  these  sleepers, 
and  made  even  with  their  upper  surface.  The  first  deck-plank, 
with  a  hole  through  each  end  for  the  eye-bolts,  is  laid  in  place, 
perpendicular  to  the  directrix,  its  holes  corresponding  with  those 
in  the  sleepers.  The  hurter  is  placed  on  it,  and  the  bolts  driven 
through  the  corresponding  holes  in  these  pieces. 

The  hurter  should  be  so  placed  as  to  prevent  the  wheels  from 
striking  against  the  epaulment  when  the  piece  is  in  battery.  If 
the  interior  slope  has  a  base  of  2-7ths  of  its  height,  the  inner  edge 
<  >1"  the  hurter  should  be  2£  inches  from  the  foot  of  the  slope.  The 
other  planks  are  then  laid,  each  one  forced  against  the  preceding, 
t  he  last  plank  having  holes  for  the  rear  eye-bolts.  By  drawing 
out  or  driving  in  the  outside  sleepers,  the  holes  through  their 
rear  ends  are  made  to  correspond  with  those  in  the  last  dcck- 
plank,  and  the  bolts  are  put  in. 

Drive  stakes  in  rear  of  each  sleeper,  leaving  their  tops  level 
with  the  upper  surface  of  the  platform.  Raise,  ram,  and  level 
the  earth  in  rear  of  the  platform,  so  as  to  have  a  plain  hard  sur- 
face to  support  the  trail  when  the  recoil  is  great. 

The  earth  should  be  raised  nearly  as  high  as  the  platform  at 
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the  sides,  and  well  rammed,  giving  it  a  slight  inclination  outwards 
to  allow  the  water  to  run  off. 

Another  kind  of  platform,  called  the  ricochet  platform,  is 
sometimes  used  with  these  carriages  when  the  pieces  are  used  for 
ricochet  firing.   The  parts  then  made  use  of  are — 

1  Hurter,  8  feet  long,  8  inches  wide,  and  8  inches  thick. 
3  Sleepers,  9    "         5£       "  5£  " 

2  Planks,  10  ft.  8  in.  long,  13  in.  wide,  2*  " 
1  Plank,  7  ft.  long,  13  in.  wide,  2*  " 
1     "     2*  "       13     "                   2*  " 

and  some  stakes,  and  the  platform  is  constructed  in  the  following 
manner : — 

Place  the  hurter  perpendicular  to  the  line  of  fire,  and  secure 
it  by  four  stakes,  one  at  each  end*  and  two  in  front,  31£  inches 
from  the  middle  towards  each  end ;  lay  the  three  sleepers  paral- 
lel to  the  hurter ;  the  first,  16  inches  from  the  rear  edge  of  the 
hurter ;  the  second,  43£  inches  from  the  rear  edge  of  the  first ; 
and  the  third,  43£  inches  from  the  rear  edge  of  the  second.  Lay 
the  plank  31  £  inches  from  the  directrix  of  the  platform  to  the 
center  of  the  plank.  Place  the  piece  of  plank  60  inches  from  the 
rear  edge  of  the  last  sleeper,  and  bed  it  in  the  ground.  Place  on 
the  last  sleeper  and  this  piece  of  plank  the  plank  (84  inches  long), 
its  front  end  106  inches  from  the  rear  edge  of  the  hurter. 

This  platform  will  bear  firing  with  charges  as  high  as  three 
pounds. 

Platforms  of  this  kind,  of  larger  dimensions,  may  be  used  for 
guns  and  howitzers  in  firing  at  a  fixed  object  with  full  charges. 

3d.  Mortar-Wagons,— Fig.  126,  PI.  10.  This  wagon  is  de- 
signed for  the  transportation  of  6iegc-mortars  and  their  beds,  or  of 
guns,  or  large  shot  and  shells. 

The  limber  and  the  wheels  are  the  same  as  those  of  the  gun- 
carriage. 

The  body  consists  of  a  platform  of  rails  and  transoms  resting 
on  an  axle-tree,  the  two  middle  rails  being  prolonged  to  form  the 
stock,  six  stakes  or  standards  arc  inserted  in  sockets  on  the  sides 
of  this  platform,  and  used  in  securing  the  load. 

The  side-rails  are  prolonged  to  the  rear,  and  furnish  pivots  for 
a  roller  placed  immediately  in  rear  of  the  platform.  This  roller 
has  holes  for  the  insertion  of  handspikes,  and  is  used  in  loading 
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lie  wagon  ;  the  guns,  mortars,  &c,  being  drawn  up  on  the 

•tock. 

A  muzzle  bolster  on  the  stock  near  the  limber,  and  a  breech 
hurtcr  near  the  hind  part  of  the  wagon,  are  provided  and  used 
when  long  ordnance  is  transported  on  it.  Mortars  are  usually 
carried  mounted  on  their  carriages. 

(For  dimensions  and  weights,  see  Appendix,  p.  6.) 

4th.  Mobtak-beds,  Fig.  128,  PI.  10. — The  carriage  from  which 
a  mortar  is  fired,  is  called  its  bed.  It  has  already  been  stated  that 
the  size  of  the  angle  of  fire,  and  the  violent  reaction  in  a  vertical 
direction  which  the  mortar-bed  experiences,  prohibit  its  being 
mounted  upon  wheels.  In  consequence  of  this,  also,  the  cheeks 
cannot  be  made  of  wood  or  bronze,  the  elasticity  of  which,  being 
brought  into  play  by  the  recoil,  would  cause  the  bed  to  bounce 
on  the  platform  and  throw  the  mortar  from  its  place.  Ancient 
carriages,  of  wood  or  bronze,  were  provided  with  cap-squares,  to 
prevent  this. 

There  are  four  siege  mortar-beds : 

The  8  in.  mortar-bed, 
The  10  in.  " 
The  stone  " 
The  Coehorn  " 

The  first  three  arc  alike,  differing  only  in  dimensions,  and 
made  of  cast  iron,  which  has  verv  little  elasticity.  The  bed  con- 
sists  of  two  cheeks,  joined  by  two  transoms,  all  cast  together  in 
the  same  piece.  The  manoeuvring  bolts,  placed  on  each  side,  one 
near  each  end  of  the  cheeks,  are  made  of  wrought  iron,  and  set  in 
the  mould  when  the  bed  is  cast. 

On  the  front  transom  is  fastened  a  wooden  bolster,  grooved  to 
receive  the  elevating  quoin,  which  it  is  prescribed  should  be  put 
in  position  in  a  direction  perpendicular  to  the  axis  of  the  piece, 
but  is  usually  for  convenience  placed  obliquely. 

Notches  on  the  under  side  of  the  front  and  rear  of  the  cheeks, 
give  hold  to  the  handspikes  in  throwing  the  piece  to  the  right  or 
left. 

Cap-squares  are  used  with  these  beds,  but  probably  only  for 
the  purpose  of  preventing  the  piece  from  jumping  from  its  place 
when  fired  at  very  small  angles  of  elevation,  as,  for  instance,  in 
ricochet  firing. 
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The  Coehorn  Mortar-Bed  is  made  of  a  block  of  oak  wood,  in 
one  piece,  or  two  pieces  joined  together  with  bolts.  A  recess,  for 
the  trunnions  and  part  of  the  breech,  is  made  in  the  top  of  the 
bed ;  and  the  trunnions  are  kept  in  their  places  by  plates  of  iron 
bolted  down  over  them.  Two  iron  handles  are  bolted  to  the  bed 
on  each  side,  by  which  four  men  can  carry  the  bed  with  the  mor- 
tar in  its  place. 

The  Epboctette-Bed  consists  of  a  block  of  wood,  on  top  of 
which  is  countersunk  and  bolted  the  bed-plate,  which  is  a  heavy 
circular  plate  of  cast  iron,  having  a  rectangular  recess,  with 
sloping  sides,  so  as  to  make  it  longest  at  the  bottom.  Into  this 
recess  the  sole  of  the  mortar  slides.  The  wooden  block  is  bolted 
to  a  stone  block  of  the  same  size,  which  is  firmly  placed  in  the 
ground  on  a  masonry  foundation. 

For  dimensions  and  weights  of  the  beds,  see  Appendix,  p.  G. 
Mortar-Platforms  arc  made  each  of  twenty -four  pieces,  sim- 
ilar to  those  used  for  siege-guns.  Six  of  these  are  laid  as  sleepers 
perfectly  horizontal,  and  parallel  to  the  direction  in  which  the 
piece  is  to  be  fired.  The  other  eighteen  are  laid  on  top  of  these 
and  perpendicular  to  them,  the  front  and  rear  ones  being  bolted 
to  each  one  of  the  sleepers.  Between  each  pair  of  the  latter 
(deck-planks),  four  dowels  are  placed,  to  prevent  the  plank  from 
sliding  out.  These  dowels  are  short,  hard  pieces  of  wood,  which 
are  fastened  in  the  edge  of  each  plank,  and  fit  into  corresponding 
holes  made  in  the  one  next  to  it. 

For  dimensions,  <fcc,  see  Appendix,  p.  11. 

The  Rail-Platform,  Fig.  127,        jli^       .  .       .  . 

is  another  kind  sometimes  used       J    [s      J    |      r|  | 


with  mortars.  It  is  simple,  strong,  c» 
and  well-suited  to  positions  where 
timber  can  be  easily  procured.  It 
is  composed  of  three  sleepers  and  c 
two  rails,  with  stakes  for  keeping 
it  in  position.  The  rails  are  placed 
at  such  a  distance  apart  that  the 
cheeks  of  the  bed  can  set  on  them. 
They  and  the  sleepers  are  notched 
to  fit,  and  driven  together  in  the 
battery.   The  sleepers  are  imbed- 
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ded  in  the  ground,  and  the  earth  well  rammed  around  them,  care 
being  taken  to  place  the  rails  horizontally.  Stakes  are  driven  in 
rear  of  each  of  the  sleepers  in  the  angles  made  with  the  rails,  and 
at  the  rear  ends  of  the  rails.  (For  dimensions,  &c,  see  Appendix, 

The  Hand-Cart. — A  two-wheeled  cart,  being  able  to  turn  on 
its  own  ground,  is  more  suitable  than  any  four-wheeled  vehicle 
for  service  in  the  trenches  and  parallels  of  a  siege.  The  hand- 
cart consists  of  a  light  body  with  shafts,  mounted  on  two  wheels, 
which  in  the  French  service  are  the  same  as  those  used  on  their 
field  carriages.  The  shafts  are  joined  together  at  the  ends,  and 
supported  jnst  in  front  of  the  body  by  iron  legs.  The  cart  is 
used  for  the  transportation  of  light  stores  in  siege  and  garrison 
service. 

The  Hand  Sling-Cart,  Fig.  129,  PI.  10,  is  used  in  siege  and 
garrison  service,  or,  in  fact,  under  any  circumstances  where  light 
pieces  or  their  carriages,  or  objects  about  that  weight,  have  to  be 
transported  for  Bhort  distances.     It  is  made  entirely  of  iron, 
except  the  pole,  which  is  of  oak.  The  axle-tree  is  arched,  to  make 
it  stronger,  and  connected  with  the  pole  by  strong  wrought-iron 
straps  and  braces.    In  the  rear  of  the  axle  a  projection  is  welded 
to  receive  the  end  of  a  strong  hook,  the  two  being  fastened 
together  by  a  bolt.   The  end  of  the  pole  is  terminated  with  an 
iron  strap  (through  which  is  passed  the  handle),  and  an  eye.  The 
eye  is  for  the  purpose  of  attaching  to  the  cart,  when  necessary,  a 
limber  or  a  horse,  the  handle,  in  the  last  case,  being  held  up  by 
hand. 

This  cart  should  not  be  used  with  heavier  weights  than  about 
4,000  lbs. ;  but  in  case  of  necessity  a  24  or  32-pd.  gun  may  be 
transported  on  it.  For  heavier  guns  or  material  the  large  ding- 
carl^  drawn  by  horses  or  oxen,  should  bo  used.  The  French  have 
a  similar  cart  for  carrying  shot  and  shell. 

(For  dimensions,  &c,  see  Appendix,  p.  11.) 
The  Fikld  and  Siege  Gin,  Fig.  130,  PI.  10,  is  used  for  mount- 
ing or  handling  guns,  or  other  heavy  bodies  in  the  field,  or  in  the 
trendies  of  a  siege.  It  consists,  like  all  gins,  of  two  legs  and  a 
pry-hole  of  spruce  or  ash  as  supporters,  a  windlass  of  oak,  sheaves,  j 
pulleys,  and  a  fall  or  rope.  The  two  legs  are  mortised  for  the 
reception  of  three  braces,  on  the  ends  of  which  tenons  are  cut. 
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These  pass  through  the  mortises,  and  arc  keyed  with  pins  out- 
side. 

The  top  end  of  the  pry-pole  has  on  it  an  iron  tongue,  which 
fits  in  between  the  top  of  the  legs,  and  all  three  are  joined  by  a 
pin ;  just  below  which,  and  held  between  the  legs  by  a  bolt,  two 
sheaves  are  placed  to  receive  the  fall,  which  is  a  strong  four-inch 
rope.   The  legs  are  fastened  together  at  top  by  a  bolt. 

Two  and  a  half  feet  from  the  bottom  of  the  pry-pole  a  round 
handle  is  run  through  it  and  fastened,  and  is  used  in  handling  or 
putting  up  the  gin.  The  feet  of  the  legs  and  pry-pole  are  pro- 
vided with  metal  points,  to  prevent  slipping  when  a  weight  is  put 
upon  the  fall. 

The  windlass  is  provided  with  journals  at  the  ends  which  turn 
in  journal  boxes,  the  plates  of  which  are  fixed  to  the  legs  by  bolts. 
No  ratchet  wheel  or  pall  is  used,  and  the  windlass  is  made  fast  by 
allowing  a  handspike,  inserted  in  its  place,  to  bear  against  the 
lower  brace,  or  another  handspike  placed  across  the  legs  for  the 
purpose.  The  ends  of  the  windlass  are  left  square,  but  the  mid- 
dle part  is  made  round  for  the  reception  of  the  fall,  which,  in 
raising  a  weight,  is  coiled  round  it.  The  legs  are  about  14^  feet 
long,  and  the  height  of  the  gin,  standing  up,  about  12  feet. 

To  put  the  gin  together,  the  legs  are  laid  on  the  ground,  the 
outer  sides  up,  the  beveled  ends  together,  and  the  windlass  put 
in  its  place.  The  assembling  bolt  is  put  in,  and  the  1st,  2d,  and 
3d  cross-bars  inserted  in  succession  and  keyed. 

To  set  up  the  gin,  the  bottoms  of  the  legs  are  held  in  position 
by  two  men  placing  their  feet  against  them,  or  holding  handspikes 
against  the  lower  cross-bar.  The  tongue  of  the  pry-pole  is 
inserted  in  its  place  and  keyed.  The  gin  is  then  raised  by  carry- 
ing up  the  foot  of  the  pry-pole  to  its  proper  position,  which  is 
equally  distant  from  the  two  legs,  and  12  feet  from  the  lower  cross- 
bar. The  fall  may  be  attached  by  a  man  mounting  on  the  third 
cross-bar ;  or,  if  he  is  too  much  exposed  in  that  position,  it  may 
be  done  while  the  gin  is  lying  down. 

(For  dimensions  and  weights,  see  Appendix,  p.  11.) 

The  gin  may  be  equipped  with  one  or  Beveral  pulleys,  accord- 
ing to  the  weight  to  be  raised, — a  greater  number  being  employed 
than  is  absolutely  necessary,  in  order  not  to  strain  the  rope.  With 
one  pulley  a  12-pd.  siege  and  garrison  gun  can  be  raised ;  with 
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two,  an  18-pd. ;  with  three,  a  24-pd.,  and  with  five  or  six,  a  32  or 
42-pd. 

To  Slxsq  a  Piece. — A  small  piece  without  handles  may  be 
dung  by  a  piece  of  rope,  the  ends  of  which  are  tied  together  after 
passing  it  under  the  piece  in  rear  of  trunnions,  then  up  over  the 
trunnion,  under  the  piece  again  in  front  and  over  the  other  trun- 
nion, hooking  both  sides  over  the  pulley -hook.  Larger  pieces  are 
6lung  by  making  use  of  an  endless  rope  or  chain,  when  double 
somewhat  greater  in  length  than  the  piece.  One  end  of  this  is 
looped  round  the  neck  of  the  cascable,  and  the  other  round  a 
handspike  or  billet  of  wood  inserted  in  the  muzzle.  Both  strands 
are  hooked  in  the  pulley -hook  just  in  rear  of  the  trunnions,  bind- 
ing the  two  together,  if  necessary,  with  a  cord  or  piece  of  small 
rope. 

Wben  the  gin  is  put  together  and  raised,  that  part  included 
between  the  legs  and  pry -pole  is  called  the  inside ;  the  outside 
being  the  part  without  the  legs ;  the  right  corresponding  to  the 
right  hand  of  a  man  standing  at  the  middle  and  outside  of  the 
windlass,  facing  towards  it ;  the  left  corresponding  to  his  left  hand. 

BARnETTE  Carriaok8,  Fig.  131,  PI.  10. — The  barbette  carriage 
belongs  to  that  class  which  has  been  denominated  immovable. 
That  is  to  say,  it  is  used  simply  to  fire  the  piece  from,  and  not  to 
transport  it  except  for  very  short  distances. 

The  gun  carriages  described  under  the  head  of  siege  material, 
may  also  be  used  in  a  fortification  or  garrison  ;  and  the  mortar- 
beds  heretofore  described,  arc  used  either  for  siege  or  garrison  ser- 
vice. The  barbette  carriage,  however,  is  used  only  in  a  fixed 
position  in  garrison,  and  is  a  carriage  on  which  a  gun  is  mounted 
to  fire  over  a  parapet  instead  of  through  it,  as  siege  or  sea-coast 
guns  usually  fire.  A  barbette-gun  is  any  gun  mounted  on  a  bar- 
bette carriage. 

There  are  but  two  forms  of  the  barbette  carriage  in  the  United 
States'  service. 

1.  One  for  the  iron  guns  and  sea-coast  howitzers  (12,  IS,  24, 
32,  42  pdr.  and  8  and  10  in.) ;  and 

2.  One  for  the  columbiads. 

1.  This  carriage  consists  of  a  gun-carriage  and  a  chassis. 
The  Gcx-carkiage  is  formed  of  two  upright  pieces  of  timber, 

nearly  vertical,  forming  the  checks.    Behind  these  are  placed  two 
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inclined  braces,  niorti Bed  into  the  uprights  and  designed  to  receive 
the  force  of  the  recoil.  A  horizontal  piece  (the  transom  and  axle 
tie)  runs  from  front  to  rear  between  these  pieces,  and  the  whole  is 
firmly  connected  and  braced  by  transoms  and  assembling  bolts, 
thus  forming  a  triangular  framework,  which  is  less  liable  than 
any  other  form,  to  become  deformed  from  the  shocks  of  the  gun. 
The  trunnion-bed  is  formed  at  the  top  of  the  upright,  where  it  is 
joined  to  the  brace;  and  the  breech  of  the  gun  is  supported  on  an 
elevating  screw,  working  into  a  screw-box  placed  in  the  rear  end 
of  the  transom  and  axle  tie,  near  the  front  part  of  the  rear 
transom. 

The  front  transom  is  just  under  the  gun,  and  is  cut  out  to  re- 
ceive it.  The  middle  transom  is  placed  between  the  braces 
about  their  middle  points,  and  is  notched  out  to  receive  the  upper 
6ide  of  the  transom  and  axle  tie.  The  rear  transom  is  at  the  lower 
end  of  the  braces,  and  under  the  transom  and  axle  tie,  into  which 
it  is  notched,  dowels  being  placed  between  the  two  to  prevent 
sliding;  the  lower  part  of  this  transom  is  notched  to  receive  the 
tongue  of  the  chassis  on  which  it  slides.  Between  this  transom 
and  the  transom  and  axle  tie,  the  end  of  a  lunette  is  placed  pro- 
jecting to  the  rear  and  fastened  by  a  bolt,  for  the  purpose  of  at- 
taching a  limber  to  the  carriage. 

The  feet  of  the  uprights  and  front  end  of  the  transom  and 
axle  tic  are  joined  to  an  axle-body,  in  which  an  iron  axle  is  placed. 
On  the  ends  of  the  axle  are  fitted  cast-iron  rollers,  which  rest  upon 
the  rails  of  the  chassis  and  support  the  front  of  the  carriage.  On 
the  outside  of  the  roller  is  placed  an  octagonal  projection,  on 
which  the  cast-iron  nave  of  the  wheel  fits,  secured  by  a  washer 
and  linch-pin.  The  spokes  of  the  wheels  are  wood,  inclosed  within 
heavy  iron  tires. 

Maneuvering  bolts  are  inserted  in  front  of  the  feet  of  the  up- 
rights, and  in  the  carriages  for  pieces  heavier  than  a  24-pounder 
in  rear  of  these  feet  also.  These  bolts  and  the  spokes  of  the 
wheels  form  the  points  of  application  for  the  handspikes,  in  man- 
euvering the  piece.  Maneuvering  staples  are  placed  in  front  of 
the  feet  of  the  braces,  for  the  purpose  of  using  handspikes  to  raise 
the  rear  of  the  carriage  from  the  tongue  of  the  chassis  in  running 
to  and  from  battery. 

The  32-pound  gun  and  8-inch  howitzer,  go  on  the  same  car- 
riage.   All  other  pieces  have  separate  carriages. 
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Two  sizes  of  rollers  are  used,  one  for  the  carriages  of  the  12, 
18,  and  24  pounders;  the  other,  for  the  rest  of  the  carriages. 
The  roller  part,  however,  is  of  the  same  diameter,  and  the  octa- 
gonal projection  accurately  made,  so  that  a  wheel  from  any 
carriage  will  fit  on  any  other.  The  wheels  are  all  of  the  same 
diameter,  43£  inches. 

No  cap-squares  are  used  with  these  carriages. 

Besides  serving  to  assist  in  maneuvering  the  gun-carriage,  the 
wheels  are  also  used  in  transporting  the  piece  on  its  carriage  for 
short  distances  ;  as,  for  instance,  from  one  front  of  a  fortification 
to  another.  To  do  this,  the  rear  of  the  chassis  is  raised  until  the 
traverse  wheels  can  be  removed,  when  it  is  lowered  to  rest  on  the 
prop  of  the  tongue  and  then  on  the  traverse  circle.  Planks  are 
then  laid,  inclining  to  the  rear,  to  receive  the  wheels,  which  are 
backed  on  to  them.  A  siege  limber  is  backed  up  to  the  carriage, 
the  lunette  placed  over  the  pintle  and  keyed,  and  the  gun  car- 
riage drawn  from  the  chassis. 

Tiik  Chassis  (the  French  for  frame  or  framework)  consists  of 
two  rails  and  a  tongue,  joined  by  three  transoms.  The  tongue  is 
in  the  middle  and  projects  considerably  beyond  the  rails,  to  the 
rear.  At  each  end  of  the  rails,  on  top,  a  hard  piece  of  wood  is 
notched  in  and  bolted.  They  are  called  hurters  and  counter- 
hurters,  and  used  to  prevent  the  gun  carriage  from  running  from 
the  chassis. 

Kail-plates  of  iron  to  protect  the  wooden  rails,  are  let  in  to  the 
outside  of  the  rails  0.2  of  an  inch  below  their  upper  surfaco,  bolted 
at  each  end  with  an  iron  bolt,  and  fastened  along  the  rails  with 
wooden  Screws,  which  probably  are  less  liable  to  break  from  the 
shock  of  the  recoil. 

At  the  rear  end  of  the  tongue  a  swinging  prop  is  placed  to 
support  the  end  of  the  tongue  when  the  piece  is  run  back  or  the 
traverse  wheels  are  removed.  The  lower  6ide  of  the  end  of  the 
tongue  is  notched  out  and  a  maneuvering  loop  fixed  there,  with  a 
bolt  and  screws  to  assist  in  handling  the  chassis. 

The  same  chassis  serves  for  the  12  and  18  pdr.  carriages.  On 
the  under  side  of  each  rail  opposite  the  rear  transom  a  mortise  is 
formed,  for  the  reception  of  a  fork  socket  of  iron  which  receives 
the  handle  of  the  traverse- wheel  fork.  Each  of  these  forks  re- 
ceives a  traverse-wheel,  joined  to  it  by  an  axle-bolt,  and  these 
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support  the  rear  end  of  the  chassis.  The  front  end  is  supported 
on  a  pintle-plate  of  iron ;  through  which,  and  up  into  the  middle 
of  the  front  transom,  passes  a  pintle  or  bolt,  which  serves  as  a 
pivot  around  which  the  whole  system  moves. 

In  permanent  batteries,  the  pintle  is  fixed  in  a  block  of  stone, 
and  the  traverse  circle  is  an  iron  plate  set  also  on  stone.  For 
temporary  batteries,  the  pintle  is  attached  to  a  wooden  bolster, 
which  is  covered  by  a  circular  cast-iron  plate,  and  attached  by 
bolts  to  a  wooden  cross,  picketed  firmly  into  the  ground. 

A  temporary  traverse-circle  is  formed  of  plank  pinned  to 
sleepers  and  fastened  to  pickets,  or  secured  to  6tring  pieces  which 
connect  the  traverse-circle  with  the  pintle-cross. 

The  traverse-wheels  and  their  forks  retain  their  places  by  the 
weight  of  the  carriage  and  gun.  The  pivot-bolts  of  the  traveree- 
wheels  project  to  the  rear,  and  arc  acted  against  by  the  hand- 
spikes in  traversing  the  carriage.  • 

The  chassis  for  the  heaviest  carriages  has  in  addition  to  the 
three  transoms,  four  iron  pipes  placed  in  pairs  between  the  tongue 
and  rails.  Through  each  pair  a  heavy  bolt  passes,  and  is  fastened 
on  the  outside  of  the  rails  with  nuts.  The  chassis  slopes  towards 
the  front  in  order  to  diminish  the  recoil,  and  aid  in  running  the 
piece  into  battery.  (For  dimensions  and  weights  of  these  car- 
riages, see  Appendix,  pp.  7  and  8.) 

2.  The  Colusibiad  Carriage,  Fig.  132,  Plate  11,  consists  of 
a  gun  carriage  and  chassis.  Those  for  the  8  and  10  inch  differ 
only  in  dimensions. 

The  Gun  Carriage  is  a  triangular  frame  work,  consisting  on 
each  side  of  an  upright,  a  horizontal  rail  or  tie,  and  a  brace, 
firmly  mortised  and  bolted  together,  the  two  sides  being  joined 
by  a  transom  and  axle  body  at  each  end.  These  project  below 
the  lower  surfaces  of  the  ties,  and  fit  in  between  the  rails  of  the 
chassis,  serving,  like  the  flanges  on  the  rollers  in  the  other  barbette 
carriages,  to  prevent  the  gun  carriage  from  moving  sideways  off 
the  chassis.  The  lower  side  of  the  tics  is  shod  with  a  friction- 
plate. 

Through  the  front  axle-body  and  near  the  front  ends  of  the 
ties,  an  iron  axletree  is  placed,  working  in  iron  boxes  fitting  in 
the  ties.  On  the  projecting  ends  of  this  axletree  (the  axis  of 
which  is  eccentric  with  the  axis  of  the  ends),  the  rollers  or  man- 
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ceuvring  wheels  aro  fixed,  the  extreme  ends  of  the  axle  being  octa- 
gonal in  shape  to  fit  the  wrench  of  the  iron  hand*pike. 

These  eccentrics  arc  so  arranged  that  when  the  centers  of  the 
wheels  are  at  their  lowest  points,  the  surfaces  of  the  wheels  hear 
on  the  rail*  of  the  chassis  and  raise  the  pun-carriage  tie  from  it  ; 
and  when  the  centers  are  at  their  highest  points,  the  surfaces  of 
the  wheel*  do  not  touch  the  chassis  rails,  and  the  carriage  ties 
themselves  are  in  contact  with  the  rails. 

A  similar  arrangement  is  made  for  the  rear  part  of  the  car- 
riage, except  that  the  axle  does  not  extend  all  the  way  through, 
hut  the  wheel  on  each  *ide  has  a  projecting  piece  of  axle  whieh 
works  into  a  hox  placed  in  the  end  of  the  tie. 

Hie  wheel  is  thrown  into  or  out  of  gear,  that  is,  made  to  hear 
on  the  rail  of  the  chassis  or  relieved  from  it,  hy  turning  the  axle 
with  a  wrench  placed  on  the  octagonal  end. 

In  the  direction  of  the  radii  of  the  wheels,  hut  inclined  out- 
wards,  mortit.es  arc  placed  for  the  reception  of  the  cud  of  the 
iron  handspikes,  hy  acting  on  which,  while  inserted,  the  wheel* 
are  turned  ami  the  carriage  moved  hark  and  forth  on  the  cha-*>.-. 
Ordinarily,  when  the  wheel*  are  thrown  into  gear,  the  carriage 
heing  haek,  it  will  run  into  battery  of  it*elt. 

The  elevating  arrangement  on  this  carriage  is  different  from 
anv  other  in  the  service.  It  conM.-t*  of,  fir*t,  an  elevating  screw 
which  works  into  a  screw  bed  Mow  the  second  part,  which  elide* 
in  a  vertical  W,  and  earric*  on  the  top  of  it  a  movable  j»nrl  to 
fit  into  the  notches  cut  in  the  hrcech  of  the  gun.  The  pawl  has  a 
►lit  in  it  through  which  the  elevating  handspike  is  pa~«-d,  and 
the  gun  rai-M«d  hy  making  use  of  the  edge  of  the  elevating  box  a* 
a  fulcrum.    Thi*  arrangement  U  placed  over  the  rear  tr:m*.  m. 

Cu\~i*.-Thc  cha--i*  for  this  carriage  does  not  differ  much 
in  it*  construction  from  th   u-d  with  the  other  barbette  car- 
riage-, heretofore  described. 

It  con.-i-ts.  like  them,  of  two  rail*  connected  by  three  transoms  ; 
but  the  top.  of  the  rails  arc  *l.od  with  iron  plate-,  and  the  r.  ar 
hurter*  are  the  large  heads  of  heavy  bolt*  whieh  pa,-*  all  the  way 
through  the  rail-.  The  front  hurter*  an-  ►iinilar  in  form,  but 
fixed  to  the  front  transom  by  a  heavy  plate  and  ln.lt. 

Trover-.-  wheel*  are  placed  under  both  front  and  rear  tran- 
som-, and  the  cha^is  i*  pivoted  on  a  pintle  pas-nig  through  the 
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middle  transom.  Two  of  these  wheels  are  placed  under  each  end 
of  the  chassis,  their  axles  being  kept  in  place  by  straps  bolted  to 
the  transoms.  Recesses  are  cut  in  the  under  side  of  the  transom 
for  the  wheels  to  turn  in.  The  radius  of  the  traverse  circle  being 
much  less  in  this  case  than  with  the  other  barbette  carriages,  the 
wheels  have  to  be  placed  in  a  much  more  oblique  position  in 
regard  to  the  rail. 

The  Platform,  Fig.  133,  Plate  11. — The  traverse-circle  and 
pintle-plate  may  be  set  in  masonry  made  of  cut  stone ;  or  a  wooden 
platform  may  be  used.  The  last  is  a  circular  framework  of  heavy 
timber,  notched  and  bolted  together,  and  laid  on  a  horizontal 
platform  of  thick  plank.  The  6pace  inside  the  traverse-circle  is 
boarded  over,  and  forms  a  platform  on  which  the  cannoneers 
stand  when  manoeuvring  the  gun.  The  pintle-plate,  which  is  of 
iron,  must  be  raised  above  the  level  of  this  platform,  in  order  to 
give  support  to  the  middle  transom.  This  is  done  by  placing  it 
on  a  heavy  circular  block  of  wood,  which  is  firmly  bolted  to  the 
timbers  of  the  main  platform. 

The  arrangement  of  this  carriage  allows  the  piece  to  traverse 
the  whole  circle. 

The  Garrison  Gin,  Fig.  134,  PI.  11,  is  made  heavier  and 
stronger  than  the  field  and  siege,  as  it  is  used  for  mounting  heavier 
guns,  and  has  not  to  be  transported  like  the  other  with  an  army 
in  the  field.  The  legs  are  longer,  and  of  course  the  gin  higher, 
than  the  other. 

The  legs  have  but  two  braces,  which  are  iron  bars  bolted  and 
keyed  to  the  legs.  When  the  gin  is  dismounted  these  braces  are 
turned  on  their  bolts  parallel  to  the  legs,  and  bolted  to  them  by 
the  same  bolts  used  in  setting  up  the  gin.  The  lower  brace  has 
a  third  eye  made  in  it  at  the  proper  distance,  and  the  upper  one 
being  just  long  enough  to  reach  the  second  bolt  hole  in  the  leg  to 
which  it  is  fastened. 

The  pry-pole  has  no  tongue,  but  fits  between  the  tops  of  the 
legs,  and  is  joined  to  them  by  a  bolt  which  supports  a  clevis,  the 
branches  of  which  rest  on  each  side  of  the  pole.  To  the  clevis  a 
gin-block  is  hooked.  The  pry -pole  has  eleven  cleats  nailed  to  it, 
to  serve  as  steps  on  which  to  mount  to  the  top  of  the  gin. 

The  ends  of  the  windlass  are  provided  with  ratchets,  which  fit 
on  hexagonal  tenons  cut  in  the  wood.    To  work  in  these  raehets, 
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each  leg  is  provided  with  a  pawl  joined  to  it  by  a  bolt  above  the 
windlass  journal-boxes. 

The  journal-boxes  are  of  brass,  and  either  fastened  to  the  legs 
by  bolts,  or  to  blocks  of  wood  which  are  fitted  to  the  legs,  and 
secured  by  heavy  iron  bands ;  or,  if  large  enough  timber  is  used 
for  the  legs,  these  beveled  blocks  can  be  formed  out  of  the  same 
6ticks  as  the  legs.    (Appendix,  p.  11.) 

The  Large  Sling  Cart,  Fig.  135,  PI.  11,  is  used  for  carrying 
the  heaviest  pieces  and  carriages.  It  consists  of  a  heavy,  strong 
axletrec,  mounted  on  two  wheels  eiglit  feet  high,  and  surmounted 
by  a  bolster,  between  which  and  the  top  of  the  axletree  the 
tongue  and  hounds  are  notched  in  and  secured  with  bolts. 

Two  heavy  hooks  are  placed  in  rear  of  the  axle,  and  fastened 
to  it  by  the  stems  passing  through  and  being  secured  on  the  front 
side  with  washers  and  nuts.  Two  other  smaller  ones  are  fixed, 
inverted,  to  the  front  6ide  of  the  bolster,  and  secured  in  the  same 
way. 

On  top  of  the  bolster  an  iron  bed-plate  is  secured  ;  and  through 
this,  the  bolster,  and  the  axle,  passes  the  stem  of  a  large  double 
hook,  on  the  upper  part  of  which  is  cut  a  heavy  square  thread, 
to  which  is  adapted  a  corresponding  nut.  Over  the  nut,  with  slots 
to  fit  corresponding  projections  on  it,  fits  a  large  screw-handle,  the 
projecting  arms  of  which  are  parallel  to  the  bolster,  and  turned 
up  a  foot  and  a  half  at  the  end.  By  turning  this  handle  the 
hoisting-screw  is  raised  or  lowered.  The  part  just  above  the  dou- 
ble hook  is  made  square  in  order  that,  passing  through  a  square 
hole  in  the  axle,  the  screw  itself  may  not  turn  with  the  handle. 

The  end  of  the  pole  has  a  strap  terminating  in  a  lunette,  for 
the  purpose  of  attaching  a  limber  to  it.  Either  a  field  or  siege 
limber  may  be  used.  Under  the  pole  and  near  the  front  part  of 
the  wheels  a  long  staple  is  placed,  and  secured  by  its  branches 
passing  through  the  tongue  and  being  fastened  on  the  upper  side 
by  washers  and  nuts.  To  this  the  cascablc  is  lashed  when  the 
piece  is  slung  on  the  hoisting-screw.  The  pole  is  provided  with 
a  strong  pole-prop. 

Guns  arc  carried  on  this  cart  by  using  the  trunnion-chain,  the 
large  rings  being  passed  over  the  trunnions,  and  the  middle  link 
ovej-  the  hoisting-screw  hook.  Other  bodies  are  lashed  to  the 
axle  and  bolster  hooks  and  the  pole-staple,  by  means  of  the  sling- 
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chain  and  ropes,  being  first  raised,  if  they  are  not  high  enough, 
with  the  hoisting-screw.  In  carrying  heavy  guns  the  strain  sliould 
be  taken  off  the  screw  as  much  as  possible,  by  lashing  them  to  the 
hooks  and  staple  after  they  run  up,  and  then  turning  the  screw 
down  a  little.    For  dimensions,  <fcc,  see  Appendix,  p.  11. 

The  Lifting  Jack,  Fig.  136,  PI.  11,  is  a  small  but  powerfully 
geared  screw,  with  a  horizontally  projecting  foot.  It  is  princi- 
pally used  for  raising  great  weights  in  confined  places,  or  where 
the  number  of  men  is  small.  It  is  slow  in  its  operation,  but  for 
a  single  lift  is  very  convenient,  and  is  found  useful  in  extricating 
pieces  from  difficulties  during  the  transportation ;  and,  hence,  one 
or  more  of  them  should  accompany  each  siege  train. 

If  the  weight  is  near  the  ground,  and  is  to  be  raised  but  a  short 
distance,  the  foot  is  applied  directly  under  it ;  but  if  the  distance 
to  be  raised  is  greater,  inasmuch  as  the  foot  cannot  raise  the 
weight  high  enough  for  it  to  rest  on  the  head,  it  must  be  first 
propped  up,  and  then  a  piece  of  scantling  called  a  lifting  block 
is  placed  on  the  foot,  either  flat,  on  edge,  or  upright,  according  to 
the  distance  through  which  the  weight  is  to  be  raised.  This  block 
may  be  used  also  on  the  head  of  the  jack,  when  it  is  laid  down 
flat ;  or  the  same  end  may  be  attained  by  blocking  up  the  bed  of 
the  jack. 

The  bed  is  made  of  a  block  of  oak ;  and  a  notch  is  cut  in  the 
middle  of  it  to  allow  the  foot  to  come  as  near  the  ground  as 
possible. 

The  stand  is  of  cast  iron,  having  an  opening  in  one  side  to 
allow  the  passage  of  the  foot.  Four  pivots  project  from  the  bot- 
tom of  this  stand  in  order  to  steady  it  on  the  wooden  bed,  to 
which  it  is  joined  by  strong  braces. 

The  Lever  Jack  consists  of  a  stand  and  a  lever.  The  stand 
is  used  as  an  adjustable  fulcrum,  for  the  lever  made  use  of  in  siege 
and  garrison  service,  for  raising  weights.  The  stand  consists  of 
two  uprights  of  oak,  connected  at  the  bottom  by  a  transom  of 
oak  and  a  heavy  bolt ;  to  these  is  mortised  and  pinned  a  heavy 
block  of  wood  called  the  bed. 

In  the  uprights,  at  convenient  intervals,  holes  are  bored  for 
the  reception  of  the  fulcrum ;  which  is  a  strong  iron  pin  fastened 
to  one  of  the  uprights  by  a  chain. 

The  lever  consists  of  a  heavy  piece  of  timber,  15  feet  long, 
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with  beveled  ends.  Near  one  end,  and  parallel  to  each  other, 
two  lever-plates  are  fixed  with  screws.  These  are  made  of 
wrought  iron,  and  have  circular  notches  cut  in  them  of  such  a 
size  as  to  fit  the  fulcrum-pin,  and  serve  as  resting  places  for  the 
lever  when  in  use. 

The  Manceuvering-Blocks  and  implements  used  with  them 
are — 

The  Block,  Fig.  137,  8  in.  square  and  20  in.  long,  made  of 
oak  or  other  hard  wood,  as  are  the  rest  named  under  this  head. 


Fig.  18T. 

It  is  used  for  various  purposes  in  mechanical  manceuvers,  such 
as  serving  as  a  rest  for  the  piece  when  it  is  placed  under  it  per- 
pendicular to  the  axis;  or  in  raising  the  piece  to  its  carriage  or 
lowering  it  from  it,  to  form  supporting  walls  on  each  side  for  the 
reception  of  the  rollers  or  half-rollers  on  which  the  piece  is  rest- 
ing.   It  is  then  placed  parallel  to  the  piece. 

The  Half-Block,  Fig.  138,  is  of  the  same  dimensions  as  the 
block,  except  that  its  cross-section  is  4  x  8  inches,  in  place  of 


Flf.  183. 

8  inches  square.  It  is  used  for  the  same  purposes  as  the  whole 
block,  but  when  the  distance  through  which  the  piece  is  to  be 
raised  is  only  half  of  what  it  is  when  the  whole  block  is  used. 
Quarter-blocks  are  also  sometimes  used,  of  the  same  length,  6  in. 
wide,  and  two  thick. 

The  Skid,  Fig.  139,  is  a  piece  of  timber  the  same  size  as  the 
block,  but  6  feet  long. 
It  is  used,  to  support  the 
rollers,  half  -  rollers,  or 
blocks  on  which  a  gun  is 
lying,  and  is  then  placed 
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Fig.  140. 
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parallel  to  the  axis  of  the  gun  ;  to  roll  the  gun  on,  its  height  being 
sufficient  for  the  trunnions  of  most  guns  to  clear  the  ground  ;  and 
as  a  foundation  for  the  piles  of  blocks  and  half-blocks  in  raising 
or  lowering  the  gun. 

The  Shifting-Plank,  pr-nr-  ?  y- 

Fig.  140,  is  a  piece  of  y  ) 

in.  plank,  1  ft.  wide, 
5  ft.  7  in.  long,  and  bev- 
eled at  both  ends  on  op- 
posite sides.  It  is  used 
principally  for  shifting 
pieces  from  one  carriage  to  another. 

The  Long  Roller,  Fig.  141,  is  a  round  piece  of  wood,  6  in. 
in  diameter,  and  3  ft.  6  in. 
long,  having  a  groove  cut 
round  it  in  the  middle,  for 
the  reception  of  the  gun 
when  placed  upon  it.  It  is  used  to  move  a  gun  in  the  direction 
of  its  axis,  on  skids,  or  a  hard,  smooth  surface,  such  as  a  platform, 
&c.  Two  of  them  are  used  at  once,  and  the  gun  moving  upon 
them  gains  twice  the  distance  passed  over  by  the  roller. 

The  Half-Roller,  Fig. 
142,  has  the  same  dimensions, 
but  is  round  only  on  one  side, 
square  on  the  opposite  side, 
and  has  no  groove.  It  is  used  resting  on  the  square  side,  when, 
in  place  of  desiring  to  roll  the  gun,  the  object  is  to  have  a  firm 
support  on  which  the  gun  can  have  its  ends  alternately  raised,  as 
in  mounting  a  gun  on  its  carriage  by  means  of  the  maneuvering 
blocks. 

The  SnoRT-RoLLER,  Fig.143, 


]• 


Fig.  Ml. 


.km 


Fig  142 


is  formed  exactly  like  the  long- 
roller,  but  is  only  1  foot  long. 

It  is  used  in  positions  where  I  

the  long-roller  cannot  act,  as  fi«  14s. 

between  the  cheeks  of  a  carriage  in  placing  the  gun  in  its 

trunnion-beds,  or  removing  it  from  them,  <fcc. 

The  Chocks,— Figs.  144,  145,  146.  In  the  different  maneu- 
vers with  a  gun  and  its  carriage,  chocks  are  necessary  to  steady 
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the  piece  on  the  rollers,  half-rollers,  skids,  or  blocks ;  to  arrest  the 
progress  of  a  roller,  or  prevent  its  turning  in  a  wrong  direction  ; 
and  to  perform  the  same  offices  for  the  wheels  of  a  carriage.  The 
different  kinds  used  are  here  represented  in  the  order  in  which 
they  have  been  named  : 


Q 


— 


rig.  144. 


rig.  14S. 


Fig.  144. 


tfg.  147. 


The  Manocuverixg  Handspike  is  beveled  at  the  end  on  one 
side,  for  the  purpose  of  allowing  it  to  enter  into  places  and  under 
bodies  where  a  square-pointed  handspike  could  not  go.  It  allows 
a  gun,  too,  to  bo  turned  in  its  place,  from  this  bevel  presenting, 
when  held  against  and  under  the  gun,  an  inclined  surface,  on 
which  the  gun  will  slide. 

The  Trckxion-Loop,  Fig.  147,  is  a  piece  of  rope 
about  18  in.  long,  having  its  two  ends  firmly  spliced 
together,  forming  thus  a  ring  which  is  placed  over 
the  trunnion,  serving  as  a  means  of  applying  a  hand- 
spike to  slue  the  piece  in  different  directions. 

It  is  not  deemed  necessary  to  explain  in  detail  the  different 
manceuvers  in  which  these  implements  are  used,  as  they  are  all 
explicitly  laid  down  in  the  Ordnance  Manual  and  Heavy  Artil- 
lery Tactics. 

Sea-coast  Material. — Under  this  head  will  be  described  such 
carriages  and  implements  as  are  especially  applicable  to  our  sea- 
coast  fortifications,  in  which  are  also  used  the  carriages  and 
material  described  under  the  head  of  garrison  material. 

It  consists  of 

1.  Casemate  carriages. 

2.  Sea-coast  materials. 

3.  Casemate  gin. 

4.  Casemate  truck. 

1.  The  Carriages  for  all  pieces  are  alike,  differing  only  in 
dimensions,  with  the  exception  of  that  used  for  mounting  the 
24-fMlr.  howitzer  (iron)  in  the  flanks  of  casemate  batteries. 

The  carriage  consists  of  a  gun-carriage  and  a  chassis.  The 
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different  pieces  mounted  on  these  carriages  are  the  24,  32,  and 
42  pdr.  guns,  and  the  8  in.  colurabiad. 

TnK  Gun-Carriage,  Fig.  148,  PI.  12,  consists  of  two  cheeks 
joined  together  by  as  many  transoms,  and  supported  in  front  by 
an  axletree  on  truck-wheels,  in  rear  on  a  slide,  fitted  beneath  the 
rear  transom. 

Each  cheek  is  formed  of  two  pieces,  one  on  top  of  the  other, 
and  connected  by  dowels  and  bolts.  On  the  under  side,  near  the 
front,  a  notch  is  cut  for  the  reception  of  the  axletree,  which  is  of 
wood  (oak) ;  and  nearly  over  the  axle,  on  the  upper  side  of  the 
cheek,  the  trunnion-bed  is  placed.  The  rear  of  the  upper  piece  of 
the  cheek  is  cut  in  notches,  which  give  a  better  hold  for  the 
assembling-bolts  than  a  uniform  slope,  and  give  purchases  for  the 
handspikes  in  elevating  the  piece. 

On  the  inside  of  each  cheek,  just  in  rear  of  the  axle,  a  vertical 
guide  is  fixed,  to  keep  the  carriage  on  the  chassis.  It  is  of  wood, 
and  bolted  to  the  front  transom  and  axle-tree.  The  top  of  the 
front  transom  is  hollowed  out,  to  admit  the  depression  of  the 
piece. 

Under  the  rear  transom  a  slide  is  placed,  and  if  not  made  of  ♦ 
the  same  piece,  is  bolted  to  the  transom.  It  has  on  the  under 
side  a  notch,  to  fit  on  the  tongue  of  the  chassis ;  and  in  the  rear 
an  eccentric  roller,  so  arranged  as  to  bear  the  weight  of  the  rear 
part  of  the  carriage  or  not,  according  as  it  is  thrown  in  or  out  of 
gear. 

Near  the  rear  end  of  each  cheek,  and  outside,  a  heavy  trail- 
handle  of  iron  is  placed,  and  used  in  manoeuvring  the  piece. 

On  the  ends  of  the  axle,  truck-wheels  are  placed,  with  mortises 
made  sloping  outwards,  in  the  direction  of  the  radii,  for  the  inser- 
tion of  the  handspikes  in  running  from  battery.  These  wheels 
are  of  one  size  for  all  the  carriages,  20  inches  in  diameter. 

The  elevating  apparatus  consists  of  a  cast-iron  bed-plate, 
secured  to  the  rear  transom ;  an  elevating  screw  and  brass  nut  for 
it  to  work  in ;  the  nut  being  acted  on  by  an  oblique-toothed 
wheel,  turned  by  a  handle  placed  outside  the  right  check.  In  the 
8-in.  columbiad  carriage  the  cheeks  are  parallel  to  each  other.  In 
the  others  they  converge  towards  the  front.  No  casemate-carriage 
has  been  adopted  for  the  10-in.  columbiad,  as  it  is  not  designed 
for  use  in  casemates. 
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For  dimensions,  Ac,  see  Appendix,  pp.  9  and  10. 

Thk  Chassis  consists  of  two  rails  and  a  tongue,  joined  by  two 
transoms,  and  supported  on  traverse  wheels  hoth  in  front  and 
rear,  both  of  which  require  traverse  circles  to  run  on. 

The  outside  upper  half  of  each  rail  is  cut  out  and  eh»nl  with 
an  iron  mil,  for  the  wheel  to  run  on,  the  track  being  curved  up  at 
b<»th  ends  and  provided  with  hurters,  to  prevent  the  carriage 
from  running  off  the  cl  lassis. 

A  stationary  prop  is  placed  under  the  rear  end  of  the  tongue, 
to  prevent  the  chassis  upsetting  backwards  in  firing  very  heavy 
charges,  and  may  be  used  as  a  jmint  of  support  in  racing  the 
chassis. 

An  iron  fork  is  fastened  bv  bolts  to  the  under  side  of  the  front 
end  of  the  tongue ;  and  to  this  is  bolted  the  iron  tongue,  through 
the  eye  in  the  other  end  of  which  the  pintle  pa^es.  An  opening 
in  the  masonry  below  the  embrasure  is  left  for  this  tongue,  and  it 
is  secured  in  its  place  by  dropping  the  pintle  from  the  embrasure 
down  through  the  eye  of  the  tongue.  (For  dimensions,  Ac,  6ee 
Appendix,  pp.  9  and  1<>.) 

The  2Ii*i>.  Iron  Howitzer  Carriage,  Fig.  149,  Plate  12,  is 
sjiccially  adapted  to  the  mounting  of  the  howitzer  in  the  flanks  of 
cax'inate  batteries,  for  the  defence  of  the  ditch ;  and  both  the  gun 
carnage  and  chassis  are  narrower  and  lighter  than  any  of  the 
other  casemate  carriages. 

The  cheeks  of  the  gtin  carriage  are  made  of  white  oak,  and 
connected  by  two  iron  transoms,  the  front  one  projecting  below 
the  cheeks,  and  renting  on  the  cha**:*  with  a  projection  on  the 
bottom  of  it,  fitting  in  between  the  rails. 

Hie  bottom  of  the  trail  has  the  same  sloj>c  as  the  upj*T  Mir- 
face  of  the  eha»is  on  which  it  m»ts,  so  that  when  its  eceentrie 
roller  is  out  of  gear,  the  rear  parts  of  the  cheeks  fit  U|»on  the  rails. 
The  remaining  portion  of  the  bottom  of  the  cheek  make*  an  angle 
with  the  rail,  and  in  furnished  in  front  with  a  fork,  and  a  roller 
which  runs  ujn.n  the  rail  of  the  eha^is  when  the  eccentric  ir  in 
gear. 

Kach  cheek  has  on  the  side  near  the  rear,  a  trail-handle,  and 
near  the  front  a  mameuvring  ring. 

In  rear  of  the  rear  transom  i.»  placed  an  eccentric  roller,  hav- 
ing a  projection  on  the  middle  of  it  just  large  enough  to  fit  in 
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between  the  rails  of  tbe  chassis,  and  act  as  a  guide  to  the  trail  of 
the  carriage.  When  this  roller  is  in  gear,  the  weight  of  the  trail 
rests  upon  it,  while  that  of  the  front  part  of  the  carriage  is  thrown 
upon  the  front  rollers,  and  the  piece  is  then  run  easily  in  and 
out  of  battery  ;  but  the  roller  being  out  of  gear,  as  when  the  piece 
is  about  to  be  fired,  the  weight  all  rests  upon  the  rear  part  of  the 
cheeks  and  the  front  transom,  and  friction  is  brought  into  play 
to  diminish  the  recoil.    Cap-squares  are  used  with  this  carriage. 

The  elevating  apparatus  is  similar  to  that  used  for  the  other 
casemate  carriages.  It  has  been  suggested,  that  instead  of  hav- 
ing the  handle  of  this  apparatus  four  projecting  branches,  it 
should  be  made  with  a  round  tire  similar  to  a  wheel,  when  it 
could  be  worked  easily  by  the  gunner  when  engaged  in  sighting 
the  piece. 

The  Chassis  consists  simply  of  two  rails,  3  in.  apart,  and 
joined  by  four  transoms  and  assembling  bolts. 

Hurters  on  the  rear  ends  of  the  rails  only  are  used,  as  the  bot- 
tom projection  of  the  front  transom  prevents  the  carriage  running 
too  far  into  battery. 

The  front  end  of  the  chassis  rests  on  the  sole  of  the  embrasure, 
the  lower  side  being  sloped  off  horizontally  for  the  purpose.  The 
end  is  provided  with  a  pintle-plate  and  a  strap  of  £-in.  iron 
through  which  the  pintle  passes  to  the  masonry  beneath. 

The  rear  of  the  chassis  is  held  up  by  two  traverse  wheels  ar- 
ranged differently  from  those  in  the  other  carriages.  A  prop  of 
iron  with  two  branches  at  top,  which  are  bent  and  bolted  to  the 
rails,  is  firmly  braced  with  an  iron  bar  to  one  of  the  transoms  of 
the  chassis.  The  lower  end  of  this  prop  forms  a  socket  for  the 
reception  of  the  stem  of  the  traverse-wheel  fork,  which  has  two 
branches  with  a  traverse  wheel  in  each.  The  stem  is  bolted  in 
the  socket  of  the  prop,  and  the  arms  are  so  bent  as  to  make 
the  wheels  stand  perpendicular  to  the  radius  of  the  traverse  circle. 
The  traverse  wheels  are  slightly  conical.  (For  dimensions,  tfcc, 
see  Appendix,  pp.  9  and  10. 

Curved  Traversk  Circles. — It  has  been  proposed  to  dispense 
with  the  pintle  in  these  carriages,  by  adopting  an  oval-shaped 
traverse  circle,  and  grooving  the  wheels  to  correspond.  Experi- 
ment, so  far,  goes  to  show  that  the  shock  of  firing  is  not  sufficient, 
without  the  pintle,  to  throw  the  wheels  from  the  track. 
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It  might  be  more  difficult  to  apply  these  traverse  circles  to 
the  flank  carriage  ;  but  it  could  be  done  by  fixing  a  small  casemate 
one  in  the  sole  of  the  embrasure)  and  fitting  small  grooved  rollers 
to  the  under  side  of  the  front  part  of  the  chassis. 

These  traverse  circles  will  require  a  man  with  a  handspike  at 
the  front  traverse  wheel,  as  well  as  at  the  rear  one,  to  prevent  the 
wheels  binding  on  the  circles,  by  becoming  oblique  to  them. 

Iron  Cakkiages. — For  some  years  past,  experiments  have 
been  going  on  in  Europe,  particularly  in  France,  Russia  and 
Prussia,  in  regard  to  the  use  of  ca6t  and  wrought  iron  as  a  mate- 
rial for  gun  carriages.  Cast  iron  is  objectionable  on  account  of 
the  weight,  and  its  great  liability  to  splinter  when  struck  by  shot. 

In  the  United  States,  similar  experiments  have  been  made, 
but  morcespecially  in  regard  to  wrought  iron,  that  being  deemed 
the  best  material  of  the  two.    The  results  have  been  so  satisfac- 
tory, that  wrought  iron  carriage  has  been  recommended  for  use 
altogether  in  garrisons,  in  place  of  the  wooden,  with  the  excep- 
tion of  the  carriage  for  the  24  pd.  howitzer  in  flank  casemates. 
The  following  are  the  carriages  recommended  for  adoption. 
1  Barbette  carriage  for  10  in.  columbiad. 
1       "  "         "    8  in.  " 

1       "         "         "  42  and  32  pd.  guns. 
1       "  "         "  24  pd.  gun  and  smaller  calibers. 

1  Casemate   "         "    8  in.  columbiad  and  24  pd.  gun. 
1       "         "         32  and  24  pd.  guns. 
These  carriages  are  all  made  in  a  similar  manner,  differing 
only  in  weight  and  dimensions.    "When  the  same  carriage  is  used 
for  pieces  of  different  sizes,  movable  trunnion  plates  to  fit  the 
trunnions  of  the  smaller  calibers  are  placed  in  the  trunnion  holes. 

The  Carriage,  Fig.  150,  Plate  12,  consists  of  two  cheeks  of 
thick  sheet  iron,  each  one  of  which  is  strengthened  by  three  flanged 
iron  plates,  which  are  bolted  to  the  cheeks.  Along  the  bottom  of 
each  cheek,  an  iron  shoe  is  fixed  with  the  end  bent  upwards. 

In  front,  this  bent  end  is  bolted  to  the  flange  of  the  front 
strengthening  plate.  In  rear  the  bent  portion  is  longer,  and  ter- 
minated at  top  by  another  bend,  which  serves  as  a  point  of  appli- 
cation for  a  wheeled  lever,  C,  when  running  to  and  from  battery. 

The  trunnion-plates  fit  over  the  top  ends  of  the  strengthen- 
ing plates  which  meet  around  the  bed,  and  are  fastened  to  the 
flanges  of  the  latter  with  movable  bolts  and  nuts. 
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The  cheeks  are  joined  together  by  transoms  made  of  bar-iron, 
bent  at  the  ends  and  bolted  to  the  cheeks,  instead  of  pipes  and 
assembling  bolts  running  through,  which  were  used  at  first. 

The  cheeks  are  parallel  to  each  other,  and  in  order  that  the 
ba*e-ring  on  the  gun  may  not  interfere  with  giving  it  the  full 
elevation  by  striking  against  them,  it  is  proposed  to  leave  the 
base-ring  off  all  sea-coast  and  garrison  pieces,  and  to  retain  the 
preponderance  by  reducing  the  swell  of  the  muzzle.  These 
changes  will,  as  has  been  stated  in  Chap.  HI.,  reduce  the  weight 
of  the  pieces,  at  the  same  time  that,  on  Mr.  Mallet's  principle, 
they  will  increase  their  endurance. 

The  front  of  the  carriage  is  mounted  on  an  axletree,  with 
truck-wheels  similar  to  the  present  casemate  carriages. 

A  carriage  of  this  kind  was  submitted  to  every  severe  test  to 
which  it  would  be  exposed  in  service,  and  sustained,  satisfac- 
torily, 4,000  rounds  without  requiring,  for  the  last  2,000,  any 
repairs  whatever. 

The  Chassis  is  formed  of  two  rails  of  wrought  iron,  the  cross- 
section  being  in  the  form  of  a  T,  the  flat  surface  on  top  being  for 
the  reception  of  the  shoe-rail  of  the  gun  carriage.  The  rails  are 
parallel  to  each  other,  and  connected  by  iron  transoms  and  braces 
which  are  bent  at  the  ends  and  fastened  to  the  rails  with  bolts. 
The  chassis  is  supported  as  before,  on  traverse  wheels,  which 
work  in  forks  fitting  into  sockets  bolted  on  to  the  outside  of  the 
rails  at  the  proper  points. 

It  has  since  been  proposed  to  have  but  four  kinds  of  these  car- 
riages, viz. :  a  barbette  carriage  for  each  of  the  8-inch  and  10- 
inch  columbiads,  and  one  barbette  and  one  casemate  carriage  for 
all  other  pieces;  suitable  trunnion-plates,  transoms,  and  axles, 
being  substituted,  according  to  the  size  of  the  piece. 

A  prop  is  placed  under  the  middle  transom  of  the  chassis,  to 
provide  against  sagging. 

The  10-inch  carriage  has  braces  bolted  to  both  sides  of  each 
cheek-plate.    All  other  carriages  have  braces  on  the  inside  only. 

The  thickness  of  the  cheek-plates,  the  dimensions  of  the 
trough-beams  for  braces  and  transoms  (rear),  and  the  chassis  rails, 
are  the  same  for  all  carriages. 

The  axle  boxes,  axle-box  washers,  and  truck  wheels,  arc  the 
same  for  all  carriages. 
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The  axles  and  transoms  for  all  carriages  differ  only  in  their 
lengths. 

The  front  *  and  middle  transoms  of  the  8  and  10  inch  colum- 
biad  barbette  chassis,  and  the  piop6  for  all  the  carriages,  are 
wood. 

The  tongues  for  the  wooden  casemate  carriages,  and  the  tra- 
verse wheels,  &c,  for  the  wooden  carriages,  may  be  made  to  an- 
swer for  the  iron  carriages. 

The  elevating  screws,  &c,  are  the  same  as  are  used  for  the 
wooden  carriages  respectively.  A  graduated  arc  may  be  attached 
by  a  hinge  to  the  rear  brace  of  the  right  check,  and  used  in  ele- 
vating the  gun. 

The  chassis  rails  of  all  carriages  have  an  inclination  of  three 
degrees  (3°). 

Lead  or  leather  washers  should  be  used  under  all  the 
washers. 

The  traverse  wheels  for  the  barbette  and  casemate  chassis  may 
either  be  placed  directly  under  the  rails,  or  between  the  rails  in 
sockets  in  the  transoms.  Both  methods  were  tried,  and  answered 
equally  well. 

By  placing  the  wheels  directly  under  the  rails,  the  distance 
between  each  pair  of  wheels  is  5  inches  greater  than  when  they 
are  placed  in  the  transoms ;  and  as  the  24-pdr.  barbette  carriage 
is  12  inches  higher  and  7  inches  narrower  than  the  8-inch  case- 
mate carriage,  this  method  is  considered  to  be  the  best.f 

IIkaw  Ska-coast  Mortab-bkds.— The  bed  for  the  heavy  10- 
inch  mortar  is  the  only  one  which  has,  up  to  this  time,  been 
adopted. 

The  cheeks  arc  of  cast  iron,  and  somewhat  similar  in  form  to 
those  in  the  beds  of  siege  mortars,  but  in  the  front,  the  checks 
turn  up  to  receive  between  them  the  front  transom,  which  has, 
countersunk  in  and  bolted  to  it,  an  elevating  screw-bed  through 
which  works  an  inclined  elevating  screw  which  rises  or  falls  by 
turning  the  nut  fitted  on  it  by  means  of  a  lever  inserted  into 
mortises  cut  in  the  direction  of  the  radii  of  the  circular  nut. 


•  It  It  proposed  to  hare  the  front  transom  of  iron. 

f  At  baa  already  been  stated,  the  socket  plates  are  now  bolted  to  the  outer  side 
of  the  rails. 

10 
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Both  the  transoms  are  made  of  wood,  connected  with  the 
cheeks  by  mortises  and  tenons,  and  sccnred  by  bolts  running 
through  and  nuts  on  the  outside.  One  of  these  bolts  at  eacli  end, 
is  longer  than  the  others,  and  the  projecting  ends  are  made  use 
of  as  maneuvering  bolts. 

Directly  behind  and  underneath  the  position  for  the  trun- 
nions, a  bronze  bed-piece  is  placed  to  receive  the  shock  of  the 
piece.  It  consists  of  a  large  beam  of  bronze,  with  each  end  well 
let  in  to  the  face  of  the  cheek. 

Although  no  bed  has  as  yet  been  adopted  for  the  13-inch 
mortar,  it  is  presumed  the  bed  for  it  would  not  differ  essentially 
from  that  for  the  10-inch. 

The  use  of  the  elevating  screw  in  place  of  the  quoin,  is  ren- 
dered necessary  by  the  great  mass  of  metal  to  be  raised  or  lowered 
in  sighting  the  piece. 

The  Casemate  Gin  does  not  differ  from  the  garrison  gin, 
except  in  its  height,  which  is  less  (about  that  of  the  field  and 
siege  gin),  and  the  thickness  and  strength  of  the  parts.  These 
differences  are  necessary,  on  account  of  the  contracted  places  in 
which  the  gin  is  used  and  the  greater  weights  to  be  raised  by  it. 
(For  dimensions,  see  Appendix,  p.  11.) 

The  Casemate  Truck,  Fig.  151,  PI.  12,  is  used  for  transport- 
ing guns  through  casemate  galleries  and  other  contracted  places 
in  a  fortification.  It  consists  of  a  heavy  framework  platform 
made  of  two  rails  with  three  connecting  transoms  mortised  into 
them  ;  the  tops  of  the  transoms  being  lrollowed  out  to  receive  the 
gun.  The  front  and  rear  transoms  have  an  iron  transom-plate 
let  into  the  underside  and  fastened  ;  the  ends  of  these  plates  ter- 
minate in  eyes,  into  which  rings  are  welded  for  hooking  drag- 
ropes  to  the  truck. 

The  platform  stands  on  three  wheels,  supported  in  forks,  the 
wheels  and  forks  being  the  same  as  those  used  for  the  chassis  in 
barbette  carriages,  except  that  the  upper  part  of  the  stem  for  the 
front  fork  is  made  conical  in  shape,  to  allow  the  truck  to  change 
direction. 

Two  fork-plates  are  fastened  under  the  rails,  one  on  each,  with 
their  centers  one  foot  in  front  of  the  rear  transom.  Into  these, 
and  running  up  into  the  rails,  the  stems  of  the  rear  wheel- 
forks  fit. 
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The  fork  for  the  front  wheel  has  attached  to  it  by  a  bolt  a 
long  iron  handle,  with  the  end  turned  up  and  a  wooden  handle 
inserted  in  the  eye.  The  conical  top  of  the  front-wheel  fork  is 
inserted  in  a  socket  made  for  it  in  the  middle  of  the  front  tran- 
som and  plate. 

A  Store  Truck,  such  as  may  be  seen  in  any  commercial 
store,  is  used  for  moving  boxes,  <fec,  in  storehouses,  or  in  embark- 
ing and  disembarking  stores.  To  prevent  the  load  from  touching 
them,  the  wheels  are  protected  on  top  by  guard-plates  of  iron. 
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CHAPTER  VII. 

THEORY  OF  FIRE. 

In  spite  of  the  great  advantages  derived  from  the  bayonet  in 
battle,  the  fact  is  now  incontestible  that  the  efficiency  of  a  body 
of  infantry  resides  essentially  in  its  accuracy  of  fire ;  and  this  is 
made  only  the  more  apparent  from  the  recent  improvements  in 
fire-arms.  A  cool>  well-directed  fire  from  a  body  of  men  armed 
with  the  new  rifle  or  rifle  musket,  which  is  loaded  with  the  same 
facility  as  the  old  musket,  is  sufficient  to  stop  the  advance  of 
almost  any  kind  of  troops.  But  the  very  best  disciplined  men 
will,  in  time  of  battle,  fire  with  precipitancy  and  at  too  great  a 
distance ;  from  which  results  a  great  loss  of  ammunition  and  of 
effect  upon  the  enemy. 

Target  Practice.  If  instruction  by  target  practice  is  of 
importance  to  well  drilled  and  disciplined  troops,  when  opposed 
to  troops  of  the  same  kind,  its  importance  cannot  be  estimated 
when  the  quality  of  the  troops  becomes  worse,  and  the  opponents 
the  Indians  of  our  western  country,  nearly  all  of  whom  are  well 
versed  in  the  use  of  the  rifle  or  bow  and  arrow,  and  dependent  on 
them  for  their  daily  subsistence. 

In  the  recent  encounter  with  Indians  of  Col.  Stcptoe's  com- 
mand in  Waslungton  Territory,  many  of  the  men  were  armed 
with  the  old  musketoon  (a  most  indifferent  arm),  and  very  soon 
expended  all  their  ammunition  in  ineffectual  fires  against  an  enemy 
mounted  on  fleet  horses,  and  armed  partly  with  rifles,  partly  with 
bows  and  arrows,  whose  deadly  shaft  is  shot  by  them  with  aston- 
ishing accuracy,  and  at  a  rate  exceeding  that  at  which  an  adept 
in  its  use  can  fire  balls  from  a  revolver.  Charges  of  cavalry,  with 
the  saber,  however  gallantly  conducted  and  successful  for  a  time, 


Digitized  by  Google 


220 


battli 

of  in 

made 

fire-» 

witlx 

facil" 

alm< 

will 

dist: 

effo- 

imj 

to 

wh 

the 

veJ 

th« 

m 

WJ 

e* 

bo 

b. 

ie 

ii 

t) 


Digitized  by  Google 


TA  EGKT  PRACTICE. 


221 


could  not  succeed  against  such  an  enemy ;  and  a  hasty  retreat  in 
the  night  wan  the  only  resort,  to  avoid  annihilation. 

In  the  subsequent  expedition,  the  men  were  armed  with  rifles 
and  riflcdmuskcts,  and  after  a  few  weeks  hasty  drill  attained  such 
a  confidence  in  their  arms,  that  on  the  first  encounter  with  the 
Indians  the  result  proved  very  different. 

Our  service  is  perfectly  devoid  of  any  means  of  attaining 
proficiency  in  the  use  of  arms  of  any  kind  ;  and  the  time  will  yet 
come,  if  some  corrective  is  not  applied,  when  this  deficiency  will 
result  in  a  disaster  vastly  greater  thau  the  defeat  of  a  handful  of 
men  in  a  distant  territory. 

Su|Kjriority  in  volunteer  troops  over  regulars,  when  it  does 
exist,  is  not  found  in  those  regiments  recruited  ahout  our  great 
cities,  from  men  who  never  touched  a  gun  before  in  their  lives; 
hut  in  those  made  up  of  young  men  from  the  woods,  who,  from 
daily  use  of  the  rifle  from  their  boyhood,  know  its  |*>wer;  and 
this  knowledge  it  is,  which  in  party  supplies  the  place  of  a  disci- 
pline they  do  not  possess,  and  makes  them /<</  that  with  discipline 
they  arc  invincible.  In  confirmation  of  these  remarks,  such 
regiments  as  the  South  Carolina  and  Mississippi,  in  the  Mexican 
war,  are  confidently  referred  to;  both  were  commanded  by  men, 
soldiers  from  education  and  by  profession. 

To  attain  efficiency  in  the  ureof  any  arm,  diligent  and  system- 
atic practice  is  absolutely  necessary  ;  and  this  can  only  be  obtained 
by  »*tablishing  school*  of  instruction,  like  those  at  Vincennes, 
Saint  Omer,  Grenoble,  and  Toulouse,  in  France,  from  which,  every 
year,  officers  and  men  well  instmcU-d  in  the  j>rim*ijj<s  of  firing, 
may  be  sent  out  into  the  army  at  large,  and  impart  the  same 
fvnteni  and  efficiency  to  it.  An  attempt  i*  now  being  made  to 
cttahlUh  Mich  a  school,  for  the  artillery,  at  Kurt  Monroe;  but  the 
necessity  for  a  scIhmiI  for  the  infantry  arm,  in  just  as  great  ami 
more  imm^/iatJy  presiding.  The  results  of  such  schools  will  far 
more  than  eom|*ni*ate  for  the  cost,  and  withdraws!  from  active 
military  service  of  a  mi  >  all  number  of  men,  by  the  greatly 
increased  efficiency  of  the  n>t. 

In  the  »ucrcM>ftil  and  oft-repeated  repulse  of  cavalry  charges 
by  Mjuares  of  infantry,  the  main  dependence  is  not  in  the  Uhe  of 
the  txtyotut,  but  in  the  cIom,  m cll-direeted  tin*,  deli vcred  as  the 
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horsemen  approach.  This,  breaking  their  formation  and  disor- 
ganizing their  ranks,  leaves  them  at  the  end  of  the  charge  with  a 
wall  of  bayonets  in  their  front,  against  which  horses  cannot  be. 
forced  unless  at  full  speed  and  supported  by  numbers  behind 
It  is  not  pretended  that  a  large  body  of  compact  horseman  can- 
not ride  over  a  email  square  of  infantry.  To  hold  such  a  doctrine 
would  be  to  deny  the  fundamental  principles  which  govern  the 
relation  between  force  and  resistance.  But  with  anything  like 
parity  of  numbers,  cavalry  cannot  break  squares  of  infantry, 
simply  from  the  injury  inflicted  before  the  6hock  takes  place. 

In  order  to  become  proficient  in  the  use  of  fire-arms,  a  man 
must  either  learn  the  principles  upon  which  his  arm  is  construct- 
ed, as  well  as  those  governing  the  inflammation  of  powder  and 
the  passage  of  a  projectile  through  the  air;  or  he  must,  from 
long  actual  practice  with  the  arm,  understand  the  results  of  these 
principles.  It  is  evident  that  a  combination  of  the  two  will  pro- 
duce the  best  marksman  in  the  shortest  time. 

The  theory  to  be  taught  the  marksman,  will  now  be  dis- 
cussed. 

Powder,  when  inflamed  in  a  gun,  developcs  a  certain  amount 
of  elastic  fluid,  which  escapes  on  that  side  where  it  meets  with 
the  least  resistance,  driving  before  it  the  projectile  which  is 
opposed  to  it. 

Velocity  is  the  space  passed  over  by  the  projectile  in  a  second 
of  time.  Its  velocity,  when  it  leaves  the  piece,  is  called  the 
initial  velocity. 

The  action  of  the  powder,  as  has  been  before  stated,  is  not 
instantaneous;  and  although  the  ball  is  less  than  f  Jvth  part  of  a 
second  in  going  out  of  the  piece,  it  receives  its  velocity  by 
degrees.  The  velocity  of  the  gas  developed  is  very  great,  and 
has  been  estimated  as  high  as  between  9,000  and  10,000  feet. 
This  great  velocity  causes  the  first  gas  produced  to  spread  rapidly 
through  the  interstices  of  the  grains,  and  inflame  the  entire 
charge.  The  time,  taken  for  the  entire  combustion  of  each  grain, 
although  very  short,  is  greater  than  that  required  for  the  in- 
flammation, and  depends  on  the  size  and  consistency  of  the 
grains. 

Since  the  inflammation  takes  place  through  the  interstices  of 
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the  grains,  it  follows  that  hard  ramming,  by  packing  the  grains 
and  diminishing  the  spaces,  should  reduce  the  velocity  of  the 
ball.  The  ramming  should  be  so  regulated  as  to  place  the  ball 
well  against  the  charge,  and  to  have  it  as  near  as  possible  under 
the  same  circumstances  at  each  shot. 

When  the  cartridges  have  been  a  good  deal  knocked  about, 
the  dust  formed  by  the  crushed  grains  obstructs  the  interstices 
between  the  grains,  and,  the  charge  fuzing  instead  of  exploding, 
the  velocity  of  the  ball  is  diminished. 

Since  the  smallest  grains  burn  quickest,  it  follows  that  for  any 
given  length  of  barrel,  there  will  be  more  powder  burnt  and  a 
greater  effect  produced  as  the  grains  are  decreased  in  size.  For 
this  reason,  fine  sporting-powder  gives,  with  equal  weights, 
greater  velocity  than  musket-powder ;  and  this  difference  becomes 
the  more  marked  as  the  length  of  the  gun  and  the  charge  are 
decreased. 

Powder  loses  force  as  the  amount  of  moisture  contained  in  it 
increases.  Thus,  the  effeet  produced  is  less  on  a  wet  day  than  on 
a  warm,  dry  one.    Wet  powder  fuzes  instead  of  exploding. 

The  initial  velocity  of  the  ball  depends  on — the  charge ;  the 
quality  of  the  powder ;  the  length  of  the  gun ;  the  size  and  density 
of  the  projectile ;  on  the  amount  of  windage,  and  on  the  size  of 
the  vent,  especially  in  flint-lock  guns. 

With  a  given  length  of  gun,  and  particular  projectile,  there  is 
a  maximum  charge  beyond  which  no  increased  velocity  is  ob- 
tained. This  charge  must  be  determined  by  experiment ;  though 
the  charges  used  are  generally  less  than  the  maximum,  the  rule 
generally  laid  down  being,  that  as  the  velocity  increases  very 
slowly  from  a  third  of  the  weight  of  the  shot  up  to  the  maxi- 
mum, it  is  not  advisable  to  use  a  greater  charge  than  one  third, 
on  account  of  the  effect  on  the  piece,  the  waste  of  powder,  and 
the  recoil.  In  this  respect  the  modern  improvements  in  small 
arms  are  very  marked ;  for  whilst  with  the  old  musket  ^th  the 
weight  of  the  bullet  was  used,  with  the  rifled  and  altered  musket 
we  use  but  it  or  TV 

The  longer  a  gun  is,  the  greater  length  of  time  is  the  projec- 
tile submitted  to  the  accelerating  action  of  the  gases;  but  past  a 
certain  length,  the  shocks  and  friction  experienced  by  the  ball 
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overcome  its  increase  of  velocity.  Experiment  shows  there  is  no 
advantage  in  giving  to  the  rifle-musket  barrel  a  greater  length 
than  forty  inches,  which  is  accordingly  adopted  for  the  new 
arm. 

Powder  developes  a  greater  force  as  it  meets  with  more  resist- 
ance to  its  expansion,  so  that  the  heavier  a  projectile  the  greater 
becomes  the  quantity  of  motion  it  receives.  Thus  one  projectile 
double  the  weight  of  another,  receives  from  the  same  amount  of 
powder  a  much  greater  velocity  than  one  half  of  that  given  to 
the  lighter  one.  This  fact  enables  us,  in  mortars,  where  the 
weight  of  the  projectile  is  almost  directly  opposed  to  the  action  of 
the  powder,  to  use  a  smaller  charge  than  would  otherwise  be 
necessary. 

With  a  given  charge,  projectiles  with  the  least  density,  and 
smallest  diameter,  receive  the  greatest  velocity ;  but  out  of  the 
gun  the  advantage  soon  disappears,  for  such  projectiles  meet  with 
the  greatest  resistance  from  the  air. 

The  charge  necessary  to  produce  a  given  velocity  increases 
with  the  density  of  the  projectile. 

The  new  rifle-musket  gives,  with  a  charge  of  60  and  bullet  of 
510  grains,  an  initial  velocity  of  over  950  feet;  which,  however, 
would  probably  be  decreased  when  using  cartridges  which  had 
been  transported  some  distance,  especially  if  in  the  hands  of  the 
men. 

Re€oil. — As  the  powder  acts  in  all  directions,  the  bottom  of 
the  gun  is  thrown  back  with  a  greater  force  as  the  charge  increases. 
The  action  on  the  piece  is  greater  proportionally  than  on  the  ball 
as  the  bottom  of  the  bore  presents  a  greater  surface  than  the  ball ; 
and  the  gas  continues  to  act  on  the  gun  after  the  ball  has  left  it. 
The  velocity  impressed  on  the  gun  is  called  the  recoil. 

With  the  old  musket,  round  bullet,  and  120  grains  of  powder, 
the  initial  velocity  of  1,420  ft.  is  obtained.  The  recoil  of  the  gun, 
were  it  of  the  same  weight  as  the  bullet,  would  be  greater,  say 
2,280  feet.  That  is,  that  the  ball  must  have  this  velocity,  in 
order  that,  striking  the  piece,  it  should  produce  the  amount  of 
recoil  actually  experienced  by  the  gun.  But  velocities  are 
inversely  proportional  to  the  masses  moved  ;  and  the  musket 
weighing  about  160  times  as  much  as  the  bullet,  the  retrograde 
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velocity  imparted  will  be  only  =13.73  ft.,  or  about  the  same 
rate  as  a  fast-trotting  horse  will  travel.  This  velocity  is  so  great 
that  the  marksman  would  be  injured  by  the  shock,  if  he  did  not 
bold  the  gun  close  against  his  shoulder,  in  such  a  way  as  to  join 
the  weight  of  his  body  to  that  of  the  piece.  Supposing  the  resist- 
ance offered  by  him  is  ten  times  that  offered  by  the  gun,  the  recoil 
is  reduced  to  1.373  ft.,  which  can  be  borne. 

With  the  new  rifle-musket,  the  ratio  between  the  bullet  and 
the  piece  is  reduced  to  138,  the  initial  velocity  to  963  ft.,  and  the 
corresponding  recoil  to,  say  1,500  ft. ;  so  that  the  actual  recoil  of 
the  piece  is  reduced  to  SW =10.87  ft.  These  numbers  are  not 
strictly  accurate,  but  are  near  enough  for  our  purpose. 

The  effect  of  the  recoil  on  the  marksman  is  farther  diminished 
by  the  form  given  to  the  stock,  which,  being  curved,  decomposes 
the  force  of  the  blow.  The  same  result  is  obtained  in  the  pistol 
by  the  curve  given  to  the  stock,  which  changes  the  direct  recoil 
into  a  movement  of  rotation  around  the  hand. 

The  ball  leaves  the  piece  so  rapidly,  that  the  recoil  has  no 
appreciable  effect  upon  its  direction.  This  may  be  shown  by 
placing  a  gun-barrel  on  each  side  of  a  square  horizontal  frame  sus- 
pended by  a  single  wire ;  the  second  barrel  being  for  the  purpose 
of  balancing  the  first.  One  of  these  barrels  being  pointed  and 
fired,  the  ball  has  no  appreciable  deviation,  although  the  frame 
revolves,  from  the  effect  of  the  recoil,  rapidly  around  the  suspend- 
ing wire.  The  recoil,  then,  probably  begins  to  be  felt  only  when 
the  ball  is  nearly  out  of  the  piece ;  and  as  the  recoil  of  a  gun  in 
a  man's  hands  is  sensibly  in  a  right  line,  it  follows  that  the  recoil 
causes  no  appreciable  deviations  in  firing  from  the  shoulder. 

In  loading,  the  powder  should  be  well  shaken  out  of  the  paper, 
to  prevent  the  formation  of  gas  inside  of  this,  which,  forcing  the 
paper  against  the  sides  of  the  bore,  prevents  it  from  leaving  with 
the  charge,  and  endangers  the  explosion  of  the  next  charge  when 
loading,  from  the  lighted  paper.  There  is  no  danger  of  heating 
the  piece  by  rapid  firing  so  as  to  cause  premature  explosions,  since 
long  before  it  reaches  600°,  the  temperature  at  which  gunpowder 
inflames,  it  is  entirely  too  hot  to  handle. 

Theory  of  Fire. — In  the  use  of  fire-arms,  the  three  following 
lines,  and  their  relation  to  each  other  must  be  known. 
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The  line  of  sight  is  the  visual  ray  ABEG, 
Fig.  152,  passing  through  the  highest  points 
of  the  breech  and  muzzle  of  the  piece,  and 
directed  on  the  object  designed  to  be  struck. 
The  line  offirey  or  axis,  is  the  axis  of  the  piece 
Jfc  C  E  X  prolonged  indefinitely ;  and  the  trajec- 
tory is  the  curve  E  T  G  II,  described  by  the 
center  of  the  projectile.  All  these  lines  lie, 
theoretically,  in  the  same  vertical  plane,  called 
the  vertical  plane  of  fire. 

The  ball  starts  along  the  axis,  and  but  for 
its  weight,  would  follow  that  line  more  or  less 
closely ;  but  as  soon  as  it  leaves  the  bore,  its 
weight  depresses  it,  and  keeps  it  always  below 
the  line  of  fire  C  X.  In  vacuo,  the  trajec- 
tory would  be  a  parabola;  but  in  the  air 
it  is  modified,  and  becomes  less  like  that 
curve  as  the  weight  and  velocity  of  the  ball 
increase. 

Ordinarily,  the  diameter  of  guns  is  greater 
at  the  breech  than  at  the  muzzle;  and  the 
natural  line  of  sight,  or  line  of  metal,  A  B, 
makes  an  angle  with  the  axis  BED,  which 
is  called  the  angle  of  sight. 

The  ball  falling  but  little  below  the  axis 
when  it  first  leaves  the  piece,  its  trajectory 
cuts  the  line  of  metal  at  a  point  E'  (in  small 
arms  a  very  little  below  the  axis),  passes  above 
it,  and  cuts  it  a  second  time  at  G,  which  is 
called  the  point  blank.  It  is  the  point  at 
which,  in  order  to  strike  it,  a  gun  is  directly 
aimed.  Its  distance  from  the  gun  is  called 
the  point-Manic  range.  The  range  is  the  dis- 
tance from  the  piece  at  which  the  ball  strikes. 

the  axis  makes  with  the 
increases  with  this 


Fig.  1M. 

The  angle  of  fire  is  the  angle  which 
horizontal.    On  horizontal  ground  the  range 
angle  up  to  a  certain  limit,  depending  upon  the  size  and  velocity 
of  the  projectile.    At  the  limit,  this  angle  is  called  the  angle  <f 
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greatest  range.  This  angle  in  vacuo  with  a  small  velocity  is  45°. 
In  the  air  with  small  velocity  and  heavy  projectiles  it  is  a  little 
less,  but  with  long  guns  and  great  velocity,  it  is  from  25°  to  35°. 

The  point-blank  range  varies  from  several  causes,  the  princi- 
pal ones  being  :  The  velocity  of  the  ball  ;  its  diameter  and 
weight ;  the  inclination  of  the  line  of  sight ;  and  the  shape  of  the 
piece. 

The  velocity  of  the  ball  depends  on  the  charge  and  the  length 
of  the  piece. 

The  diameter  and  weight  of  the  ball  cause  a  certain  amount  of 
variation  in  the  range.  The  larger  and  denser  the  ball,  the  more 
easily  it  overcomes  the  resistance  of  the  air,  preserves  its  velocity 
and  accuracy  of  fire,  compared  with  a  smaller  one  of  less  density 
endowed  with  the  same  or  even  greater  initial  velocity.  A 
leaden  ball,  for  instance,  will  have  a  greater  range  and  accuracy 
than  an  iron  one. 

The  inclination  of  the  line  of  sight  with  the  horizontal  pro- 
duces very  little  change  in  the  point  blank  range,  unless  this 
inclination  is  very  great.  When  a  gun  is  fired  at  a  great  angle  of 
elevation,  the  action  of  gravity  being  almost  directly  opposed  to 
the  force  of  impulsion,  the  trajectory  is  shortened  and  the  point- 
blank  range  diminished.  The  contrary  is  the  case  when  the  piece 
is  fired  under  a  great  angle  of  depression,  as  gravity  then  acts 
with  the  impulsive  force,  and  lengthens  the  trajectory. 

Experiment  shows  that  for  angles  within  15°  above  or  below 
the  horizontal,  the  variations  in  the  point-blank  ranges  may  be 
neglected,  and  the  trajectory  considered  as  constant.  Hence,  by 
fixing  a  gun  in  position,  and  varying  the  inclination  of  the  line  of 
sight,  we  get  the  same  point-blanks  which  would  be  obtained  by 
varying  the  position  of  the  piece  each  time  in  order  to  make  the 
line  of  sight  horizontal. 

Hence,  it  follows  that  to  strike  an  object  elevated  or  depressed 
15°  above  or  below  the  axis  of  the  gun,  the  piece  is  aimed  exactly 
as  if  on  the  same  level  with  the  object. 

The  greater  the  difference  between  the  diameters  of  the  breech 
and  muzzle,  the  greater  will  be  the  angle  of  6ight,  BED=X  EG 
(Fi«£.  152),  and  the  farther  removed  will  the  point  blank  be. 
Within  a  certain  angle,  when  the  points  E'and  G  arc  united,  that 
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is,  the  line  of  eight  become  tangent  to  the  trajectory,  there  is  no 
point  blank,  and  none,  of  course,  when  this  line  becomes  parallel 
to  the  axis  (as  is  the  case  in  our  mortars),  or  when  it  diverges 
from  the  axis. 

In  the  same  kind  of  piece  the  form  is  almost  identically  the 
same ;  the  angle  of  sight  then  remains  the  same ;  the  charges  and 
balls  are  constant ;  and  the  habitual  angles  of  elevation  of  the 
line  of  sight  are  comprised  between  ±15°.  The  point  blank 
and  trajectory  may,  therefore,  be  considered  as  practically  inva- 
riable. There  is,  then,  a  constant  relation  existing  between 
the  line  of  sight  and  trajectory,  and  the  rules  of  firing  will  be 
known  when  the  positions  of  the  different  points  of  the  trajec- 
tory in  reference  to  the  line  of  sight,  are  known. 

By  the  figure  152,  it  will  be  seen  that  to  strike  an  object 
at  point-blank  distance  (B  G),  the  piece  must  be  aimed  directly 
at  it.  If  the  object  is  within  point-blank  range,  as  at  P, 
the  piece  must  be  aimed  below  it,  a  distance  PM'=P  M,  the 
height  of  the  trajectory  above  the  line  of  sight  at  that  distance ; 
otherwise,  the  shot  would  strike  too  high  by  that  much.  On  the 
contrary,  if  the  object  is  beyond  point-blank  range,  as  at  Q,  the 
piece  must  be  aimed  above  it  a  distance  Q  N'=Q  N,  the  distance 
of  the  trajectory  below  the  line  of  sight  at  that  distance ;  other- 
wise, the  shot,  after  cutting  the  line  of  sight  at  G,  would  strike 
too  low  by  the  distance  Q  N. 

The  elevations  and  depressions  of  the  trajectory  are  measured 
on  the  vertical  lines  passing  through  the  points  to  be  struck. 

When  the  line  of  sight  does  not  meet  the  trajectory,  the  piece 
must  always  be  aimed  above  the  point  to  be  struck,  a  distance 
equal  to  the  depression  of  the  trajectory  at  that  point. 

When  the  angle  of  sight  increases,  the  segment  of  the  trajec- 
tory E'  T  II  above  the  new  line  of  sight  K  II  becomes  greater  ; 
for  the  ball  thrown  under  a  greater  angle  must  go  farther,  and 
the  new  point-blank,  II,  ought  to  be  more  distant  than  the  first 
one,  G. 

As  sighting  above  or  below  the  mark  is  liable  to  many  errors, 
and  very  inaccurate  in  practice,  any  method  which  will  enable  us 
to  sight  directly  at  the  object,  is  preferable.  This  end  is  attained 
by  the  use  of  a  breech-sight,  or  hausse  (from  hausser  to  increase), 
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which  being  applied  upright  on  the  breech,  increases  its  apparent 
diameter,  and  consequently  the  angle  of  sight,  giving,  as  it  were, 
a  new  point  blank  for  every  new  length  or  division  of  the  scale. 
On  small  arms,  these  scales,  called  rear  tights,  arc  connected  with 
the  piece  by  a  hinge,  and  when  not  in  use  are  folded  down  so  as 
allow  sighting  along  the  natural  line  of  sight.  The  lino  obtained 
by  using  a  hausse  is  called  an  artificial  line  of  sight. 

Mean  Trajectory. — A  knowledge  of  the  trajectory  described 
by  a  ball  is  necessary  in  order  to  understand  and  apply  the  prin- 
ciples of  fire.  The  curve  may  be  calculated  by  means  of  an 
approximate  equation  ;  but  it  is  better  to  employ  this  method  in 
connection  with  the  determination  of  points  by  practical  cx]>eri- 
ments. 

Points  of  the  mean  trajectory  are  obtained  by  firing  from  a 
stand,  a  great  number  of  shut  as  nearly  under  the  same  circum- 
stances as  possible.  With  the  musket,  great  variation  i«  observed 
in  successive  shots,  and  it  is  the  instability  of  the  trajectory  which 
renders  musketry  firing  so  uncertain. 

These  series  of  shots  are  fired  at  different  distances,  and  at 
target*  large  enough  to  receive  nearly  all  the  balls.  The  piece  is 
sometimes  fired  from  the  shoulder,  using  a  rest,  and  sometimes 
from  a  light  carriage,  on  which  the  axis  of  the  piece  is  placed 
horizontal  by  means  of  a  spirit  level. 

Tie  piece  being  loaded  and  fired  carefully  a  number  of  times, 
the  balls,  instead  of  following  substantially  the  same  course,  de- 
viate in  every  direction,  forming  thus  a  kind  of  couc  with  the 
ape*  at  the  piece,  ami  having  it*  croi*-section  increased  as  the 
distance  from  the  piece  increases.  This  renders  it  necessary  to 
increase  the  size  of  the  target  as  the  firing  distance*  become 
greater,  and  in  pro|>ortion  as  the  accuracy  of  the  piece  decreases. 

As  there  is  no  reason  why  the  ball  should  go  to  the  right 
rather  than  the  left,  or  too  high  rather  than  too  low,  all  the  shots 
are  more  or  less  liable  to  strike  at  the  proper  point ;  so  that 
taking  the  general  mean  of  the  hit*  at  each  distance,  one  point  of 
the  mean  trajectory  will  be  obtained.  t"jNin  the  knowledge  of 
the  mran  trajectory  of  any  arm,  the  rules  with  regard  to  ita  fire 
arc  founded. 

The  target  for  these  experiment*  is  made  of  very  thin  boards, 
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or  cotton  cloth  6tretcbed  over  a  frame.  Through  a  point  in  the 
center,  a  horizontal  and  vertical  line  are  drawn,  as  coordinates  to 
which  all  the  shots  are  referred;  parallel  lines  to  these  are 
described  at  stated  distances,  to  facilitate  the  reference. 

The  mean  point  obtained  by  this  operation  will  of  course  be 
the  more  accurate  as  the  number  of  shots  fired  is  increased ;  and 
if  the  number  is  infinite,  the  result  will  be  exact,  as  then  all  the 
chances  of  error  will  balance  and  mutually  correct  each  other. 
The  theory  of  chances,  however,  gives  a  sufficient  approximation 
by  using  200  shots  at  each  distance.  Those  shots  which  strike 
after  ricocheting,  or  do  not  strike  the  target  at  all,  should  be 
excluded. 

The  point  of  impact  of  a  ball  is  the  point  where  it  strikes  the 
target,  and  the  mean  of  all  the  hits  is  called  the  mean  point  of 
impact,  or  the  center  of  impact.  It  is  a  point  of  the  mean  tra- 
jectory. 

To  determine  this  point,  the  distances  of  all  shots  above  the 
horizontal  central  line  are  added  together,  and  also  the  distances 
of  all  shots  falling  below  this  line.  The  difference  between  these 
two  sums,  divided  by  the  number  of  shots,  gives  one  co-ordinate 
of  the  center  of  impact.  The  other  is  obtained  by  pursuing  the 
same  process  in  regard  to  the  shots  on  the  right  and  left  of  the 
vertical  central  line. 

If  the  sum  of  the  distances  above  the  horizontal  line  is  the 
greatest,  the  resultant  point  will  correspond  to  a  point  of  the  tra- 
jectory within  point-blank  range.  If  the  contrary  is  the  case,  the 
point  will  be  one  beyond  the  point  blank. 

To  construct  the  curve  from  this  data,  an  indefinite  right  line 
is  drawn  with  perpendiculars  erected  at  points  corresponding  to 
the  different  distances  of  the  targets  P  P',  &c,  Fig.  153 ;  and  on 
these  are  laid  off  the  different  elevations  and  depressions  of  the 
center  of  impact  above  and  below  the  horizontal  target-line.  The 
curve  described  through  these  points  will  represent  the  trajectory. 
Where  this  curve  crosses  the  right  line  will  correspond  to  the 
point  blank  of  the  piece,  and  the  distance  of  that  point  from  the 
starting  point  will  represent  the  point-blank  range. 

This  supposes  different  elevations  have  been  used  in  firing.  If, 
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Fig. 


however,  the  axis  of 
the  piece  lias  been 
kept  horizontal,  all  the 
centers  of  impact  will 
be  below  the  horizon- 
tal co-ordinate ;  and 
n  order  to  find  the  point  blank,  the  line  of  sight  A  c  must  be 
be  drawn  in  its  real  position,  and  will  give,  by  its  intersection  a? 
with  the  curve,  the  point  corresponding  to  the  point  blank. 

The  co-ordinates  of  the  center  of  impact  being  known,  the 
point  itself  is  known,  and  its  distance  from  the  center  of  the  target 
is  called  the  absolute  mean  deviation. 

It  results  from  what  precedes,  that  the  mean  trajectory  occu- 
pies the  center  of  the  cone  of  despereion  of  the  balls,  and  that  the 
rules  of  fire,  either  for  the  direction  or  elevation  of  the  shots, 
should  be  founded  on  the  position  of  this  curve. 

For  a  small  number  of  shots,  with  a  given  piece,  or  with  an 
unskillful  marksman,  it  might  happen  that  the  mean  trajectory 
would  not  be  comprised  in  the  same  plane  ;  but  when  the  number 
of  shots  is  great,  and  proper  precautions  are  taken,  as  there  is  no 
reason  why  the  trajectory  should  leave  the  vertical  plane  of  fire, 
it  will,  as  a  general  thing,  be  found  in  it. 

It  ia  evident  that  for  each  marksman,  and  even  for  each  piece, 
there  is  a  particular  cone  of  dispersion  ;  and  that  the  more  skillful 
the  marksman  and  more  perfect  the  piece,  the  less  will  be  the 
section  of  the  cone  for  each  distance. 

It  follows,  therefore,  that  the  best  marksman  is  not  necessarily 
he  who  makes  the  nearest  shots,  but  the  one  whose  shots  are  scat- 
tered over  the  smallest  surface,  or  have  the  least  absolute  mean 
deviation.  In  firing,  those  marksmen  should  be  excluded  who 
do  not  hit  the  target  every  time,  or  who  hit  by  ricochets. 

In  order  to  simplify,  a  point  of  the  mean  trajectory  is  taken  as 
the  common  point  of  impact,  and  the  bc6t  marksman  is  the  one 
the  6um  of  whose  deviations,  measured  from  this  point,  is  the 


The  following  are  the  points  of  the  trajectories,  as  determined 
for  the  rifled-muskct,  the  altered  musket,  and  the  rifle,  from  which 
the  forms  of  the  curves  may  be  constructed  :— 
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POINTS  OF  TRAJECTORY  OF  NEW  RIFLE  MUSKET.  * 


Distance,  200  yards ;  weight  of  ball,  600  graios;  weight  of  powder,  60  grains. 


14.6 
50 

17.7 
75 

19.8 
100 

19.6 
125 

16. 
160 

—  

10. 

175 

POINTS  OF  TRAJECTORY  OF  ALTERED  MUSKET. 
Distance,  200  yards ;  weight  of  ball,  730  grains ;  weight  of  powder,  60  graina 

Height  (inches)  

Distance  (yards). . , . 

16.2 
50 

18.8 

75 

19.7 
100 

20.9 
125 

17.5 
150 

104 
175 

POINTS  OF  TRAJECTORY  OF  HARPER'S  FERRY  RIFLE. 

1 

Distance,  600  yards;  weights  of  ball,  400  grains ;  weight  of  powder,  60  grains. 

Distance  (yards). . . . 

85. 
100 

141. 
200 

145. 
250 

160. 
800 

97. 
400 

0. 
600 

The  cones  of  dispersion  of  the  balls  comprise  all  the  causes  of 
error  in  firing,  whether  resulting  from  the  arm  itself,  from  the 
projectile  and  the  resistance  of  the  air,  or  from  the  want  of  prac- 
tice or  skill  in  the  marksman.  The  causes  of  irregularity  in  firing, 
although  greater  in  the  horizontal  than  in  the  vertical  direction, 
are  considerable  in  the  latter.  They  raise  or  depress  the  balls, 
and  change  the  ranges  to  an  appreciable  extent. 

The  general  form  of  the  cone  of  dispersion  will  present  a 
curved  surface,  Fig.  154,  which  is  concave  outwards ;  for  experi- 
ment goes  to  prove  that  when  a  variable 
cause  acts  an  infinite  number  of  times,  the 
variations  of  this  cause  tend  to  neutralize 
pig.  is*.  each  other,  and  we  may  then  assimilate  its 

effects  to  those  of  a  constant  accelerating  force,  acting  in  the  same 
manner  as  gravity.   In  the  same  way  that  we  see  heavy  bodies 
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moving  with  an  accelerated  velocity,  so  the  force  with  which  the 
ball*  deviate  gtica  on  increasing,  whilst  the  velocity  of  the  hall 
diminishes.  That  is,  the  terms  7'  7*1,  7*  P'\  *V:c.,  are  constantly 
decreasing,  whilst  ly  Jf\  lr  JT\  <fcc,  are  increasing,  which  will 
make  the  curve  A  2f  M' ,  «fcc,  e«mcave. 

Tlie  separation  of  the  balls  is  not  in  proj>ortion  to  the  range*; 
thus,  if  the  distance  in  doubled,  tlie  separation  will  l>c  more  than 
doubled,  and  so  on. 

It  is  remarked  that  the  cone  of  dispersion  becomes  longer, 
with  equal  deviations,  as  the  velocity  of  the  balls  increases,  or  that 
the  fire  is  more  accurate  as  the  velocity  is  increased  ;  a  principle 
known  to  ancient  artillerists,  who  employed,  for  small  anus, 
charges  much  larger  than  those  now  in  use. 

From  what  precedes,  it  M  ill  be  seen  that  the  dispersion  of 
the  balls  ivsults  from  causes,  some  of  which  are  independent 
of  the  want  of  skill  in  the  marksman,  and  other*  dc|»eudcnt 
uj»on  it ;  that  the  accuracy  of  a  marksman  cannot  be  properly 
estimated  from  a  single  shot;  and  that  it  cannot  Ik?  affirmed  an 
observed  deviation  is  the  result  of  nnskillfulness  in  the  marksman, 
if  the  deviation  is  comprised  within  the  cone  of  disjicrsion  for  that 
distance. 

The  objects  of  instruction  in  firing  are,  to  analyze  the  causes 
which  are  independent  of  the  marksman,  to  determine  exactly 
their  influence;  and  to  rectify  those  which  are  dejK-ndent  ujH.n 
him,  by  imparting  to  the  trooj*  a  thorough  system  of  instruction  ; 
and  for  these  objects,  the  influence  of  schools  of  practice  upon  the 
efficiency  of  troops,  cannot  be  overestimated. 

Tlie  ordinary  hauusc  or  breech-fight  will  give  the  pn>j>cr 
angle,  provided  the  trunnions  are  horizontal,  or  the  line  along 
which  the  sighting  is  done,  if*  in  the  same  vertical  plane  with  the 
axtn  of  the  piece.  For,  if  this  is  not  the  case,  the  line  of  metal, 
or  sight,  marked  on  the  pi.«ee,  no  longer  pa**-*  through  the  high- 
est |*»ints  »,f  the  muzzle  and  breech.  It,  however,  nlways  meets 
the  aii*  at  the  same  point,  and  will  be  projected  on  the  vertical 
plane  of  fire  in  11  C\  below  /*  £*,  Fig.  1  .'>;>.  which  passes  through 
the  highest  |»otnts  in  the  new  portion  of  the  piece,  giving  an  An- 
gle le*s  than  the  one  intended. 
Id 
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Fg  155. 

The  line  of  sight  marked  on  the  gun,  cutting  the  axis  at  J), 
passes  to  the  opposite  side  of  the  plane  of  tire.  Supposing  the 
left  wheel  the  highest,  the  marked  line  of  sight  prolonged,  will 
pass  to  the  left  of  the  vertical  plane  of  fire,  and  the  piece  being 
aimed  by  that,  the  shot  will  go  too  far  to  the  right,  or,  on  the 
side  of  the  lower  wheel.  The  amount  of  deviation  will  depend 
upon  the  difference  of  level  between  the  two  wheels,  or  in  small 
arms,  on  the  deviation  of  the  sight  from  the  vertical,  and  on  the 
distanee  of  the  object.  Therefore,  to  strike  the  object,  the  piece 
must  be  aimed  high,  and  on  the  side  of  the  higher  wheel. 

II*  time  permit,  the  best  remedy  with  cannon,  for  the  case  jnst 
mentioned,  is  to  mark,  by  means  of  a  spirit-level,  the  highest 
points  of  the  breeeh  and  muzzle  in  the  new  position  of  the  gun. 
The  deviation  in  range  is  not  so  great  or  of  so  much  importance 
as  the  lateral  deviation,  and  the  latter  is  completely  obviated  in 
large  guns  by  the  use  of  the  Russian  or  pendulum  hausse. 

In  mortars,  where  the  line  of  metal  is  always  parallel  to  the 
axis,  these  deviations  do  not  occur,  for  if  the  axis  of  the  trunnions 
is  not  horizontal,  the  vertical  plane  passing  through  the  line  of 
sight,  will  still  be  parallel  to  the  vertical  plane  of  fire,  and  may 
be  taken  for  it.  So,  that  it  is  not  necessary  to  have  the  platform 
of  mortars  horizontal. 

To  determine  the  length  of  the  hausse  for  any  particular  piece, 
aim  at  a  point,  n,  n 

Fig.  1 56,  a  short  dis-    h  b  ^ — -  " 

tance    above    the  aU— — " ^  * 

mark,   and    secure  dv^-^^^ 

the  piece  in  that  fik.im 

position.    Then  mark  off,  on  a  line,  A  Jf,  perpendicular  to  the 

axis  of  the  piece,  a  point  //  in  the  same  straight  line  with 
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the  highest  point  of  the  muzzle,  B,  and  the  mark.  A  II  will  be 
the  height  of  the  hausse  for  that  distance.  It  is  evident  that  the 
use  of  the  hausse  is  equivalent  to  increasing  the  angle  of  fire ; 
for  the  greater  the  length  given  to  the  haus&e,  the  more  must  the 
breech  be  lowered  and  the  muzzle  elevated. 

The  lateral  deviation  for  any  particular  piece,  when  the  trun- 
nions are  not  horizontal,  can  easily  be  calculated.    Take  a  6-pdr. 
firing  at  an  elevation,  by  the  hausse,  of  3°,  which  will  make  the 
angle  of  fire  3°  ;  call  ZTthe  total  height  of  the  3°  point  above  the 
sighting  point  on  the  muzzle,  that  is = the  height  marked  oflf  on 
the  hausse  for  3°+ the  dispart.    Let  I  be  the  distance  between  the 
two  points,  measured  on  a  line  parallel  to  the  axis  and  passing 
through  the  highest  point  of  the  muzzle.  I  is,  then,  the  base  of  a 
triangle  of  which  II  is  the  height.  Call- 
ing <r,  Fig.  157,  the  angle  which  the 
trunnions  make  with  the  horizontal,  // 
6in.  y=a£,  will  be  the  horizontal  dis- 
tance between  the  sighting  point,  b,  in 
its  new  position,  and  the  vertical  plane 
through  /,  which  may  be  taken  for  the 
plane  of  fire.    Calling  D  the  distance  of 
the  mark  and  a?  the  horizontal  deviation 
at  that  distance,  we  will  have  the  pro- 
portion 

IIDsm.  <f 


I :  II  sin.  tp  : :  D  :  x=- 


Fig.  ia:. 


Substituting  in  this  the  different  values  for  a  C-pdr.  firing  at  3° 

elevation,  range  1138  yards,  and  the  trunnions  inclined  20°,  we 

,  3.076  in.  x  1138  yds.  sin.  20°   „c  4  .  . 

have  a"=  —  —  -A  =73.4  in.,  or  about  6  feet, 

68.  <  in. 

for  the  horizontal  deviation  at  that  distance  due  to  an  inclination 
of  20°  in  the  trunnions. 

To  ascertain  what  difference  of  level  between  the  wheels  this 
will  give,  call  it  and  using  the  track  of  the  carriage=60  inches, 
as  a  radius,  he  have  F=R  sin.  20° =20£  in. 

To  get  the  depression  of  the  rear  point  of  the  line  of  eight,  acy 
it  will  be  equal  to  ZT(l-cos.  <)r)=2  II  sin*  £  9=0.18  in.,  and  the 
depression,  y,  at  the  distance  of  1138  yards  will  be  obtained  by 

the  formula  1 :  2/Tsin.*£v  : :  D :  y=2^^       ^V=13  in. 
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Windage.  The  diameter  of  the  bore  being  greater  than  that 
of  the  ball,  the  latter  does  not  travel  along  the  axis  of  the  gun, 
but  ricochets  along  the  bore ;  and  when  it  leaves  the  piece,  will 
do  so  in  a  direction  oblique  to  the  axis,  and  in  a  greater  angle,  as 
the  last  point  of  impact  approaches  the  muzzle.  This  effect  may 
take  place  in  any  direction,  but  is  usually  in  the  vertical  plane  of 
fire,  increasing  or  decreasing  the  angle  of  fire,  which  is  then  called 
the  angle  of  departure,  sometimes  30'  greater  than  the  angle  of 
fire. 

These  ricochets  produce  a  rotation  in  the  ball,  which  modi- 
fies, more  or  less,  the  rotation  which  it  naturally  takes  by  rolling 
along  the  bottom  of  the  bore.  In  striking,  the  point  of  contact 
is  retarded  in  its  movement  by  the  shock  and  friction,  whilst  the 
opposite  point  being  pushed  forward  by  the  gas,  a  movement  of 
rotation  from  above  to  below  is  produced  ;  and  were  the  point  of 
contact  at  the  side  instead  of  at  the  bottom,  the  rotation  might 
take  place  around  a  vertical  axis. 

Any  body  projected  through  the  air  takes,  naturally,  a 
movement  of  rotation,  around  an  axis  passing  through  its  center 
of  gravity.  The  sphere  having  its  center  of  gravity  and  figure 
nearly  coincident,  will  be  deviated  less  from  its  couree  by  the 
resistance  of  the  air,  than  a  body  of  any  other  form. 

Without  the  resistance  of  the  air,  the  center  of  gravity  would 
move  the  same  as  if  the  body  did  not  rotate ;  but  the  movement 
will  be  different  in  the  air,  in  consequence  of  the  great  resistance 
offered  by  it  to  a  body  moving  with  great  velocity.  This  resist- 
ance, estimated  at  nearly  98  times  the  weight  of  tho  ball  on  first 
leaving  the  piece,  acts  with  more  force  as  the  movement  becomes 
more  irregular,  that  is,  as  the  mass  of  air  struck  and  displaced, 
increases. 

If  a  ball  could  be  made  perfectly  spherical  and  homogeneous, 
the  center  of  gravity  would  coincide  with  the  center  of  figure,  and 
the  resistance  of  the  air  would  bo  reduced  simply  to  friction.  As 
the  friction  is  greatest  on  the  front  part,  and  least  on  the  rear, 
where  the  air  is  rarified,  the  ball  must  deviate  on  the  sido  where 
it  meets  with  the  least  resistance. 

As  it  is  impossible  to  make  balls  perfectly  spherical  and  homo- 
geneous, the  centers  of  gravity  and  figure  must  be  separated.  The 
impulsive  force  acts  upon  the  mass,  and  the  point  of  application  may 
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be  taken  a*  at  the  centre  of  gravity,  G,  Fig.  15!?, 
whilst  the  resistance  of  tlie  air  acta  on  the  surface 
of  the  projectile,  and  the  point  of  application  of  ^%A^ 
the  force  may  be  taken  at  C,  the  center  of  figure.  fi*~iml. 
These  two  points  not  coinciding,  the  two  forces  will  not  be 
directly  opposed,  and  a  movement  of  rotation  will  be  produced 
of  C  around  G,  or  the  lighter  part  of  the  ball  around  the  heavier, 
which  will  be  more  or  less  energetic,  according  to  the  length  of 
the  lever  arm,  or  the  distance  between  the  two  centers. 

This  ban  been  clearly  demonstrated  by  using  balls,  having  a 
portion  of  the  metal  bored  out  on  one  side,  so  as  to  make  that 
consequently  lighter  than  the  other.  By  placing  the  ball  in  the 
gun,  with  the  lightest  side  up,  the  rotation  taken  place  from  above 
to  1k*1ow,  as  is*  ordinarilv  the  case.  This  increase*  the  res  Stance 
of  the  air  to  the  top  hemisphere  where  the  velocity  of  rotation  is 
added  to  that  of  translation,  and  decreases  it  on  the  under  side, 
where  the  velocity  of  rotation  acts  in  opposition  to  that  of  transla- 
tion. The  resistance,  then,  on  the  upper  side  is  greater  than  on  the 
b»wer,  the  ball  is  forced  towards  the  ground,  and  the  range  is 
decreased.  The  more  metal  taken  out  of  the  ball,  the  closer  will 
it  fall  to  the  piece. 

By  reversing  the  position,  the  lightest  half  of  the  ball,  which  is 
below,  move*  first,  and  the  rotation  is  from  below  to  above.  The 
resistance  is  then  greatest  below,  the  ball  held  up.  and  the  range 
increase!.  By  placing  the  light  part  to  the  right  or  left  in  the  bore, 
the  ball  deviates- very  considerably  to 
the  left  or  right  of  the  piano  of  fire. 

A  very  ingenious  instrument  to 
show  the  unequal  pressure  on  differ- 
ent sides  of  a  rotating  body,  ha*  been 
invented  by  I>r.  Magum,  of  Berlin, 
and  noticed  in  "  J>clobel's  Revue  <le 
Technologic  Militaire."  A  small  cyl- 
inder. Fig.  1  .'»!♦,  with  a  vertical  axi*, 
i»  placed  in  front  of  a  fan-wheel,  by 
turning  which  a  current  of  air  ia 
forced  against  the  cylinder.  Two 
light  vanew,  a  a,  are  balance*!  on 
jtoint*  on  each  fide  of  the  cylinder 
by  weights  on   the  ophite 
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of  the  pivot?.  So  long  as  the  cylinder  remains  stationary,  these 
little  vanes  are  inclined  at  the  same  angle  towards  it,  bnt  the  mo- 
ment a  rotary  motion  is  given  to  the  cylinder  about  its  axis, 
the  vanes  are  deflected  at  unequal  angles,  showing  unequal  pres- 
sure of  the  air,  the  greatest  pressure  being  on  that  side  where  the 
motion  of  the  cylinder  and  current  are  in  opposite  directions.  If, 
for  example,  the  cylinder  be  rotating  from  right  to  left  towards  a' 
as  indicated  by  the  arrow-head,  the  vane  a  will  show  the  greatest 
deflection ;  and  were  the  cylinder  free  to  move  like  a  ball,  it 
would  be  pushed,  out  of  its  direction,  to  the  left  by  the  increased 
pressure  on  the  right.  This  is  exactly  the  effect  which  experi- 
ment shows  is  produced  on  a  projectile,  which  has  a  motion  of 
rotation  like  the  cylinder,  and  in  which  the  blast  from  the  fan- 
wheel  is  replaced  bv  a  motion  of  translation  of  the  bodv  itself. 

By  another  arrangement  of  the  same  apparatus,  the  effect  is 
more  distinctly  shown  by  freely  suspending  a  rotating  cylinder  in 
front  of  the  fan-wheel,  when  it  is  found  that  it  is  driven  round  in 
a  circle,  the  direction  depending  upon  the  direction  in  which  it 
rotates.  The  effect  is  produced  in  a  much  greater  degree  when 
the  cylinder  is  made  to  rotate  eccentrically. 

When  the  velocity  of  the  current  of  air  is  very  great  in  pro- 
portion to  that  of  the  revolving  cylinder,  the  direction  of  the  vane. 
Fig.  150,  is  but  little  different  from  what  it  was  when  the  cylin- 
der was  stationary,  whereas  when  the  velocity  of  rotation  is  only 
a  little  inferior  to  the  velocity  of  the  current,  one  vane  approaches 
very  near  to  the  cylinder,  whilst  the  other  recedes  correspond- 
ingly. This  corresponds  with  what  is  observed  in  practice ;  for 
the  greater  the  velocity  of  rotation  of  a  projectilo  in  proportion  to 
its  velocity  of  translation,  the  greater  will  be  the  deviation. 

This  unequal  pressure  on  the  opposite  sides  of  a  revolving 
body  is  explained  upon  the  following  principle  in  regard  to  the 
movement  of  fluids. 

"  When  a  fluid  jet,  endowed  with  a  certain  velocity,  flows  irito 
a  fluid  mass  of  the  same  kind,  the  pressure  exerted  perpendicular 
to  the  direction  in  which  the  jet  is  moving,  is  less  than  would  be 
exerted  in  that  direction  were  both  fluids  in  a  state  of  rest." 

To  demonstrate  this  practically,  force  a  current  of  air  through 
a  tube  near  a  lighted  candle.  When  the  velocity  of  the  current 
reaches  a  certain  point,  the  flame  will  be  seen  to  approach  the  cur- 
rent, and  as  the  velocity  increases,  it  will  assume  a  position  nearly 
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perpendicular  to  the  direction  of  the  current,  thus  showing  a  de- 
crease of  pressure,  which  is  still  further  decreased  by  increasing 
the  velocity  of  the  current. 

Forcing  the  current  against  an  immovable  cylinder,  as  ex- 
plained above,  the  decrease  of  pressure  on  both  sides  is  shown  by 
the  approach  of  the  little  vanes,  but  the  moment  rotation  is  given 
to  the  cylinder,  a  current  of  air  is  earned  around  "with  it,  "which, 
on  one  side,  increases  the  veh  city  of  the  impinging  current, 
diminishing  the  pressure,  and  on  the  opposite  side  docs  exactly 
the  contrary.  All  the  phenomena  shown  by  this  ingenious  instru- 
ment, are  known  to  occur  in  the  practical  use  of  spherical  projec- 
tiles (not  rifled).  In  rifled  projectiles,  the  same  cause  of  deviation 
does  not  exist  as  in  them,  the  axis  of  rotation  remaining  tdways 
nearly  tangent  to  the  trajectory,  the  motion  of  rotation  occurs  in 
a  direction  nearly  perpendicular  to  that  of  translation ;  hence, 
the  pressure  on  all  sides  is  nearly  equal,  and  no  deviation  takes 
place.  This,  also,  corresponds  with  practice,  since  the  deviation 
or  drift  of  rifled  spherical  balls  is  found  to  be  almost  inapprecia- 
ble, although  in  elongated  projectiles,  to  which  this  explanation 
of  Prof.  Magnus  is  not  applied  by  the  author,  it  is  very  marked. 

Drift  in  elongated  projectile*.  Many  explanations  have  been 
made  with  regard  to  what  is  call  the  drift  (in  French  derivation) 
in  elongated  projectiles,  which  is  found  by  direct  experiment 
always  to  take  place  in  the  same  direction  in  which  the  barrel  is 
rifled.  That  is,  looking  towards  the  muzzle,  if  the  groove  on  the 
upper  side  of  the  bore  curves  towards  the  right,  the  projectile  will 
drift  towards  the  right  of  the  observer.  If  the  grooves  curve 
toward  the  left,  the  projectile  drifts  to  that  side. 

It  has  been  proposed  to  rifle  guns  to  the  left  instead  of  to  the 
right,  as  is  now  generally  done,  in  order  to  correct  the  deviation 
to  the  right,  caused  by  the  involuntary  movement  of  the  marks- 
man's body  when  pulling  the  trigger,  to  which  the  drift  was  at 
first  attributed;  and  it  appears  reasonable  to  suppose  that  this 
method  of  rifling  would  make  a  piece  fire  more  accurately. 

Were  the  axis  of  the  projectile  to  remain  alw  ays  tangent  to 
the  trajectory,  no  deviation  would  occur;  since  the  resistance  of 
the  air  acting  always  in  the  direction  of  the  tangent,  the  pressure 
would  be  equal  on  all  sides,  and  the  only  effect  would  be  to  lessen 
the  range.    But  the  tendency  of  the  axis  is  to  remain  parallel  to 


Digitized  by  Google 


240 


THEORY   OF  FIIIH 


itself  as  the  ball  moves  through  the  air,  and  it  really  makes  a 
small  angle  with  the  tangent,  the  point  remaining  above  the  tra- 
jectory, and  the  larger  portion  of  the  ball  below  it. 

The  forward  motion  of  the  ball  causes  a  pressure  of  the  air 
against  it,  which  resists  the  rotary  motion  of  the  lower  part  of 
the  ball  more  than  does  the  more  rarified  air  in  contact  with  the 
upper  part.  The  ball,  yielding  to  the  greater  force,  deviates  to 
the  right,  in  the  case  of  a  ball  rotating  from  left  to  right.  This 
is  M.  Panot's  theory  with  regard  to  drift ;  but  the  difference  be- 
tween the  resistance  above  and  below  the  ball  is  supposed  not  to 
be  great  enough  to  cause  the  deviations  observed  in  practice. 

Although  Prof.  Magnus  does  not  apply  the  principle  explained 
on  page  233,  to  account  for  the  drift  observed  in  oblong  rifle 
balls,  and  says  expressly  that  it  is  not  applicable  to  them,  yet 
with  some  extension  it  would  appear  to  account  for  all  the  phe- 
nomena observed. 

The  axis  of  the  projectile  making  always  a  small  angle  with  the 
tangent  to  the  trajectory-,  the  points  on  the  surface  of  the  right  half 
have  an  oblique  forward  motion,  which,  adding  to  the  motion  of 
translation,  the  pressure  on  the  right  side  is  greater  than  on 
the  left,  where  the  motion  of  rotation  is  retrograde,  and  in  a 
measuro  opposed  to  that  of  translation,  thus  increasing  the  veloc- 
ity of  the  air  along  the  surface,  and  decreasing  the  pressure. 
Under  these  circumstances,  the  projectile  would  yield  to  the 
greater  pressure  and  go  to  the  left,  but  for  the  fact  that  the  cen- 
ter of  gravity  being  nearest  the  front  end,  the  rear  presents  the 
greatest  surface  to  the  action  of  the  pressure,  and  that  part  is 
thrown  to  the  left,  whilst  the  point  deviates  to  the  right,  causing 
the  projectile  to  drift  to  the  right.  The  longer  the  range,  the 
greater  will  be  the  drift ;  for  as  soon  as  the  axis  points  to  the 
right,  the  resistance  of  the  air  on  the  left  side  of  the  point  uf  the 
ball  is  increased,  which  will  deviate  the  point  farther  and  farther 
from  the  vertical  plane  of  fire.  This  deviation  is  shown,  by 
all  the  experiments  in  this  country,  to  be  greatest  on  projectiles 
which  are  without  grooves ;  and  although  these  grooves  are  in 
some  countries,  as  England,  rejected  as  useless,  it  is  thought  that 
their  effect  in  diminishing  the  drift  can  be  fully  demonstrated. 

They  were  originally  placed  on  the  projectile  to  act  as  the 
feathers  of  an  arrow,  offering  a  greater  resistance  to  the  action  uf 
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the  air  than  a  smooth  surface ;  and  as  the  resistance  of  the  air  acts 
in  the  direction  of  the  tangent  to  the  trajectory,  the  moment  the 
axis  of  the  projectile,  from  its  tendency  to  remain  parallel  to  itself, 
ceases  to  coincide  with  this  tangent,  the  air  acts  directly  against 
these  little  surfaces  on  one  side,  whilst  on  the  opposite  6ide  the 
resistance  is  correspondingly  diminished,  and  the  consequence  is, 
the  axis  is  forced  back  towards  the  tangent. 

Now,  according  to  the  theory  of  Prof.  Magnus,  as  we  have 
applied  it  to  oblong  balls,  there  is  no  deviation  unless  the  axis  is 
oblique  to  the  tangent ;  and  after  it  becomes  so,  the  deviation 
increases  until  these  two  lines  become  perpendicular  to  each 
other,  when  it  is  a  maximium.  The  axis  always  makes  a  small 
angle  with  the  tangent,  and  as  the  effect  of  the  grooves  is  to  lessen 
this  angle,  the  result  is  a  diminution  in  the  drift.  This  effect  has 
recently  been  shown  on  a  large  scale  at  the  West  Point  Foundry, 
in  experiments  made  with  a  12-pd.  iron  field  gun,  with  the  Reed 
projectile.  When  made  perfectly  smooth,  the  deviation  to  the 
right  at  about  2200  yards  was  considerable,  and  was  found  to  bo 
decreased  by  turning  upon  the  cylinder  of  the  projectile  two 
grooves  similar  to  those  used  on  bullets.  The  projectile  weighed 
15  lbs.,  and  an  elevation  of  8°  was  used  for  the  distance,  with 
a  charge  of  1^  lb.  of  powder. 

In  firing  at  great  distances,  when  considerable  elevations  are 
used,  the  angle  made  by  tho  axis  with  the  tangent  is  large,  and 
the  deviation,  by  the  theory,  should  increase,  as  the  position 
of  the  projectile  then  approaches  more  nearly  the  position  in 
which  the  difference  of  pressure  on  the  sides  is  a  maximum.  Such 
in  fact  is  found  to  be  the  result  in  practice ;  the  drift  increasing 
rapidly  with  the  range,  and  as  tho  angle  of  fall  inereases. 

If  the  axis  of  rotation  of  a  bull  be  perpendicular  to  the  verti- 
cal plane  of  fire,  and  both  the  centers  of  figure  and  gravity 
nre  in  this  plane,  there  will  be  no  deviation  from  it ;  but  the 
resistance  of  the  air  will  have  its  maximum  effect  in  producing 
variations  in  the  range,  which  will  become  greater  or  less  accord- 
ing to  the  direction  in  which  the  rotation  takes  place.  But  this 
condition  of  things  is  very  unusual ;  and  the  rotation  which  results 
from  the  construction  of  the  ball,  combining  with  that  which  it 
receives  in  the  piece,  makes  the  position  of  the  axis  very  variable, 
and  produces  the  greatest  variations  in  the  firing. 
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The  projectile  may  deviate  in  one  direction,  and  then,  the 
rotation  in  that  direction  being  destroyed  and  replaced  by  another, 
may  cut  the  plane  of  lire  an^l  deviate  on  the  opposite  side,  de- 
scribing thus,  a  curve  of  double  curvature. 

It  may  happen  also  that,  on  the  descending  branch  of  the 
trajectory,  the  axis  of  rotation  may  change  its  direction,  and  the 
ball  be  thrown  back  to  the  same  6ide  of  the  plane  of  fire  on  which 
it  first  deviated,  as  is  often  observed  in  practice. 

As  the  resistance  of  the  air  is  the  cause  of  the  deviations  in 
shot,  the  more  this  resistance  is  increased  in  proportion  to  the 
weight  of  the  shot,  the  less  accurate  will  the  firing  be ;  for  the 
deviating  force,  acting  upon  the  surface,  remains  the  same  for  all 
balls  of  the  same  diameter.  The  resistance  offered  to  a  common 
musket  bullet,  has  been  estimated  at  about  98  times  its  weight ; 
and  if  we  suppose  a  ball  of  the  same  size  but  only  one  half  its 
weight,  the  resistance  which  it  will  experience  will  be  98  x  2  =  196 
times  its  weight ;  and  the  deviations  of  course  be  much  greater. 

Balls  will,  then,  experience  more  resistance  on  the  part  of  the 
air,  and  deviate  more,  the  smaller  they  become. 

A  bullet  half  the  size  of  the  common  musket-bullet,  will  weigh 
only  £  as  much ;  and  the  resistance  of  the  air  due  to  its  weight 
will  be  9Sx  8  =  784:.  But  the  surface  of  the  small  is  onlv  i  of 
that  of  the  large  bullet ;  and  the  initial  effect  of  the  resistance 

upon  the  small  bullet  will  be  ^?  =  98  x  2^196. 

All  other  things  being  equal,  then,  the  largest,  most  dense, 
and  most  perfectly-formed  balls  will  be  the  most  accurate  in  their 
fire. 

The  movement  of  rotation  from  above  to  below,  which  the 
ball  usually  receives  in  the  piece,  tends  evidently  to  make  the 
axis  of  rotation  perpendicular  to  the  plane  of  fire  ;  thus  rendering 
the  fire  more  accurate,  at  least  as  regards  lateral  deviations. 

The  velocity  of  rotation,  being  much  less  than  that  of  transla- 
tion, diminishes  but  slowly  ;  while  the  resistance  of  the  air,  being 
at  least  proportional  to  the  square  of  the  velocity,  diminishes 
rapidly.  Hence,  the  deviating  influence  of  the  motion  of  rotation 
is  greater  near  the  end  of  the  trajectory  than  at  first. 

That  the  velocity  of  rotation  in  projectiles  is  often  very  great,  is 
shown  by  the  fact  that,  after  losing  all  their  velocity  of  transla- 
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tion,  they  are  sometimes  seen  to  roll  on  the  surface  of  the  ground  ; 
and  if  any  object  is  interposed  to  arrest  the  rotation,  that  motion 
is  destroyed,  wholly  or  in  part ;  and  all  the  force  inherent  in  the 
ball  is  exerted  to  disengage  it ;  and  it  will  be  thrown  to  a  dis- 
tance sometimes  of  250  yards. 

The  motion  of  rotation  explains  how  it  is  that  when  two 
similar  projectiles  are  thrown  with  different  velocities  but  under 
the  same  angle,  45°  for  instance,  the  one  which  has  the  greatest 
initial  velocity  will  have  only  an  equal  arid  sometimes  a  less  range 
than  the  other,  if  this  last  has  a  greater  velocity  of  rotation.  The 
velocity  of  rotation  appears  to  increase  in  a  greater  proportion 
than  the  charge. 

Each  point  of  one  of  these  balls,  revolving  around  an  axis  of 
rotation,  describes  a  kind  of  epicycloid ;  and  this  motion  neces- 
sarily modifies  the  path  described  by  the  center  of  gravity  of  the 
ball.* 

If  the  axis  of  rotation  coincides  with  the  tangent  to  the  trajec- 
tory at  every  point,  each  point  on  the  surface  of  the  ball  describes 
a  spiral ;  the  deviations  mutually  counterbalance  each  other,  and 
we  have  a  rijled  ball  where  the  deviations  are  the  least  possible. 

The  eccentricity  in  balls  and  shells  is  very  slight,  never  reach- 
ing in  the  former  TV  °f  the  radius. 

For  a  long  time  the  deviations  observed  in  shot  were  not 
attributed  to  this  eccentricity  existing  in  the  bodies ;  and  when 
it  became  known  that  this  eccentricity  was  the  cause  of  the  resist- 
ance of  the  air  producing  such  great  deviations  in  the  firing,  every 
effort  was  made  to  make  the  projectiles  as  near  concentric  as  pos- 
sible, with  a  view  to  increasing  the  accuracy  of  fire. 

It  was  not  until  quite  recently  that  this  very  eccentricity  was 
made  use  of  to  increase  the  accuracy  and  range  of  projectiles; 
and  it  was  found  that  these  could  even  be  further  increased  by 
magnifying  what  had  heretofore  been  regarded  as  tlte  cause  of 
the  evils — the  distance  between  the  centers  of  gravity  and  figure. 

Experiment  demonstrates  that : 

Placing  the  center  of  gravity  to  the  right  in  the  bore  of  the 
piece  throws  the  shot  to  the  right ; 

Placing  it  to  the  left  throws  the  shot  to  the  left. 

When  placed  below,  the  range  is  always  shortened,  and  when 
above  always  increased. 
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A  12  pdr.,  with  which  experiments  were  made  at  Metz,  in 
1841,  by  Genl.  Paixbans,  gave,  with  its  ordinary  charge,  shot, 
and  elevation  of  4°,  a  range  of  1,500  yards.  An  eccentric  shot, 
with  a  cavity  on  one  side  large  enough  to  reduce  the  weight  from 
12  to  10  lbs.,  gave,  with  the  center  of  gravity  above,  a  range  of 
1,960  yards,  being  an  increase  of  460  yards ;  a  matter  of  no  small 
importance. 

It  was  found  that,  whilst  firing  in  the  usual  way,  the  mean 
deviation  was  Ty*  of  the  range  ;  it  was  reduced  with  the  eccentric 
shot  to  T|5  ;  and  that  the  difference  between  the  longest  and 
shortest  ranges  with  the  solid  shot  was  TVA  j  whilst  that  between 
the  extreme  ranges  of  the  eccentric  shot  was  only  Tyv9T  of  the 
range.  Thus  showing  a  very  decided  improvement  in  the  regu- 
larity of  the  firing,  with  a  diminution  of  2  lbs.  in  the  weight  of 
the  shot.  The  lateral  deviations  are  also  decreased  from  Tj£ ff  of 
the  range  to  T&*. 

This  discovery  gives  the  means  of  increasing  very  much  the 
accuracy  of  ordinary  firing,  either  at  long  or  short  range.  It 
would  be  very  easy  in  the  arsenals  to  give  to  the  projectile,  in 
fixed  ammunition  for  the  field  service,  the  requisite  position,  and 
to  indicate  on  the  side  of  the  sabot  the  positions  corresponding  to 
long  and  short  range.  So  also  with  any  projectile,  a  simple  mark 
on  the  surface  points  out  to  the  cannoneer,  when  loading,  the 
proper  position  for  his  shot  in  order  to  give  it  the  least  deviation 
and  longest  or  shortest  range. 

Wind. — The  action  of  the  wind  on  the  projectile  is  another 
cause  of  inaccuracy  in  firing,  and  produces  a  greater  effect  as  the 
projectile  increases  in  size  and  decreases  in  density.  Thus  mortar 
shells  deviate  more  than  those  from  howitzers,  and  these  more 
than  solid  shot. 

With  elongated  projectiles  the  wind  has  a  greater  surface  to 
act  on,  and  produces  a  greater  effect  than  on  spherical  balls, 
though  sometimes  in  an  opposite  direction.  Elongated  projec- 
tiles are  sometimes  found  to  work  vp  towards  a  wind  instead  of 
being  driven  off  by  it.  This  is  due  to  the  fact  that  the  part  of 
the  ball  behind,  being  the  lightest,  is  most  easily  acted  on,  and 
being  thrown  away  from  the  wind,  the  point  is  thrown  in  the 
opposite  direction  giving  a  deviation  towards  the  wind. 

The  deviations  arising  from  the  action  of  the  wind  are  very 
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variable,  and  no  rules  can  be  laid  down  for  correcting  them. 
Practice  and  close  observation  of  the  results  of  firing  are  the  only 
correctives. 

The  effect  produced  on  the  ball  is  greater  or  less,  according  to 
the  force  and  direction  of  the  wind.  If  it  acts  uniformly  and 
blows  perpendicular  to  the  plane  of  fire,  the  effect  produced  may 
be  assimilated  to  that  of  a  constant  accelerating  force,  and  the 
trajectory  becomes  a  curve  of  double  curvature,  whose  horizontal 
projection  is  convex  towards  the  wind,  and  the  deviations  will 
increase  in  a  greater  proportion  than  the  ranges.  With  small 
arms,  the  deviations  are  further  increased  by  the  action  of  the 
wind  tending  to  throw  aside  the  muzzle  of  the  piece,  espe- 
cially when  the  trigger  is  pressed  against. 

Supposing  the  wind  very  strong  (say  60  feet  a  second),  and 
blowing  perpendicular  to  the  plane  of  lire,  experiments  show  that 
firing  at  160  yards  the  musket  must  be  pointed  on  the  side  of  the 
wind  about  11  inches.  The  deviations  increase  very  nearly  as  the 
square  of  the  distance,  so  that  the  deviation  at  320  yards  is 
11  x  4=44  inches,  about. 

The  ball  is  not  only  thrown  to  one  side  by  the  action  of  the 
wind,  but  it  may  be  raised  or  lowered  according  as  the  wind  acts 
from  beneath  or  on  top. 

When  mortar  shells  are  thrown  to  a  very  great  height,  they 
may  meet  currents  of  air  which  will  carry  them  in  an  opposite 
direction  to  those  near  the  surface  of  the  earth,  and  the  shells  are 
seen  to  wind  about  in  obedience  to  these  currents. 

Otukr  Causes. — The  inequalities  of  the  ground  between  the 
object  and  the  marksman  deceive  his  view,  and  diminish  the 
chances  of  hitting. 

When  the  inclination  of  the  line  of  6ight  is  very  great,  and 
the  object  within  the  point-blank,  it  becomes  necessary  to  sight 
below  the  object,  in  which  case  the  line  of  6ight  will  meet  the 
ground  in  front  of  it.  It  is  difficult  to  select  the  particular  point 
to  be  aimed  at,  especially  if  the  ground  is  broken.  Experiment 
shows  that  firing  from  one  point  at  an  object  above,  is  more  exact 
and  easier  than  in  firing  downwards. 

When  a  moving  object  is  fired  at,  the  line  of  sight  must  be 
directed  upon  the  point  where  it  is  presumed  the  object  will  be 
when  the  ball  has  passed  over  the  distance  between  the  piece  and 
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the  object.  For  instance,  a  horseman  moving  at  a  gallop  (0.66 
yards  per  second),  perpendicular  to  the  plane  of  fire  and  at  a 
distance  of  160  yards,  advances  3.33  yards  during  the  half  second 
that  the  bullet  is  passing  over  the  160  yards.  The  length  of  a 
horse  being  about  10  feet  (3.3  yards),  it  is  necessary,  in  order  to 
be  sure  of  striking  him,  to  sight  1  or  1£  yards  in  front  of  hU 
head. 

The  M^rksmw. — The  greatest  obstacle  to  precision  in  firing 
small  arms,  is  the  recoil  of  the  piece  ;  the  soldier  frequently,  after 
having  sighted  well,  loses  the  direction  by  the  quick  movement 
he  imparts  to  the  piece  by  pressing  against  the  trigger.  As  has 
been  already  stated,  the  recoil  does  not  sensibly  effect  the  direc- 
tion of  the  shot.  The  deviations  therefore  which  result  from  this 
cause,  must  be  attributed  to  the  unskillfulncss  of  the  marksman. 
The  principle  object  of  instruction  is,  to  habituate  the  soldier  to 
being  surprised  by  the  explosion,  by  pressing  gradually  upon  the 
trigger. 

lie  is  first  taught  to  sight  by  placing  his  piece  on  a  rest,  as  a 
wooden  horse  or  bag  of  earth,  which  gives  him  sufficient  steadi- 
ness to  enable  the  instructor  to  verify  and  correct  the  pointing. 
The  visual  ray  should  just  graze  the  rear  sight;  by  placing  the 
eye  too  high,  the  angle  of  sight  is  increased,  and  the  shot  goes 
too  far. 

The  men  should  be  taught  the  mechanism  and  object  of  the 
hausse,  and  be  instructed  to  hold  their  arms  squarely,  with  the 
hausse  vertical.  If  the  piece  is  held  so  that  the  hausse  is  inclined, 
say  to  the  right,  the  line  of  sight  is  thrown  on  that  side,  and  be- 
comes so  much  the  more  faulty  as  the  elevation  at  which  the 
piece  is  fired  increases.  The  shot  will  fall  on  that  side  towards 
which  the  piece  is  inclined,  that  is,  in  the  case  supposed,  to  the 
right.  For  the  manner  of  calculating  the  effects  of  this  error, 
see  p.  235. 

The  men  are  also  taught  to  take  the  easiest  and  most  stable 
positions,  either  standing  or  kneeling ;  to  sight  and  fire  with 
blank  cartridges,  preserving  immovable  both  the  body  and  the 
piece. 

To  habituate  the  men  to  press  gradually  on  the  trigger,  they 
are  made  to  fire  caps  at  a  lighted  candle,  placed  about  3  inches 
from  the  piece.   If  the  piece  is  directed  properly,  the  jet  of  gas 
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produced  by  the  cap  will  extinguish  the  candle.  After  this,  they 
should  bo  made  to  tire  blank  cartridges. 

Distances. — The  estimation  of  distances  is  a  very  important 
part  of  the  instruction  for  officers,  as  they  will  direct  so  much  the 
better  the  fire  of  the  men  they  command,  when  they  arc  well 
exercised  in  measuring  distances  at  a  glance.  This  knowledge  is 
of  great  advantage  to  them  in  manoeuvring  troops,  as  well  as  in 
time  of  war.  Soldiers  thrown  out  as  skirmishers,  will  have  a 
great  advantage  over  an  enemy  if  they  know  how  to  estimate 
distances  with  precision,  for  their  fire  will  then  be  much  more 
accurate  and  efficacious. 

French  Scuools  of  Practice. — In  France,  each  regiment  of 
infantry  has  a  school  of  practice  established  under  the  direction 
of  the  Lieut.  Col.  A  captain  is  especially  detailed  as  instructor 
of  the  firing,  and  is  assisted  by  a  subaltern  from  each  battalion. 
Each  company  has  a  sergeant  as  the  instructor  of  the  firing,  and 
an  under-instructor. 

Records  of  the  firing  are  kept  in  each  battalion,  which  are 
inspected  by  the  Lt.  Col.,  who  also  presides  at  a  monthly  confer- 
ence at  which  the  chiefs  of  battalions  and  captains  are  present. 
At  these  meetings,  such  portions  of  the  instruction  as  are  indi- 
cated by  the  colonel,  are  discussed. 

The  captain  instructor  gives  theoretical  instruction  to  the 
subalterns. 

The  subaltern  instructors  instruct  the  non-commissioned  offi- 
cers of  their  battalions,  the  non-commissioned  instructors  and 
their  assistants,  and  have  charge  of  the  firing  records,  and  under 
the  superintendence  of  the  captain  instructor,  and  the  chief  of 
their  battalion. 

The  non  commissioned  instructors  have  charge  of  the  training 
of  the  recruits. 

The  lieutenant  of  the  armament  has  charge  of  the  preservation 
and  distribution  of  the  ammunition,  and  keeping  the  materials  in 
repair. 

If  schools  of  practice  for  our  infantry  regiments  could  be  estab- 
lished on  some  such  basis  at  one  or  two  of  the  large  western  posts, 
now  almost  abandoned,  the  results  to  that  arm  of  the  service  would 
be  most  beneficial. 
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PRACTICE  OF  FIRE. 

In  the  fire  of  any  kind  of  arm,  the  probability  of  striking  a 
mark  is  so  much  the  greater  as  the  caliber  increases,  as  the  trajec- 
tory is  less  inflected,  and  as  the  dimensions  of  the  object  fired  at 
exceed  the  extent  of  the  variations  observed  in  several  successive 
shots,  fired  as  nearly  as  possible  under  the  same  circumstances. 
"When  the  difference  between  these  variations  exceeds  the  dimen- 
sions of  the  object,  the  probability  of  striking  it  becomes  very 
slight. 

Two  kinds  of  variations  occur, — one  laterally ;  the  other  in  the 
direction  of  the  range.  The  last  is  of  the  most  importance,  for 
the  object  generally  is  to  strike  within  limits  extending  horizon- 
tally more  than  vertically.  The  limits  in  the  last  direction  being 
5  feet  5  inches,  or  8  feet  4  inches,  according  as  the  fire  is  against 
foot  troops  or  cavalry. 

As  the  angle  of  fire  increases,  the  variations  in  range  become 
less  and  less  up  to  the  angle  of  greatest  range,  at  which  the  vari- 
ations are  the  least  possible,  for  the  kind  of  piece  and  charge 
used.  Therefore,  the  angle  of  greatest  range  is  the  most  advan- 
tageous in  practice,  when  the  object  is  to  plant  the  greatest  num- 
ber of  balls  within  a  given  space. 

The  angle  of  greatest  range  would  be  in  vacuo  45°.  Prac- 
tically, it  is  a  little  less  when  firing  mortars,  but  with  larger  pieces 
it  is  between  28°  and  35°. 

The  fire  of  the  ordinary  musket  is  uncertain  beyond  200  yards, 
the  variations  in  height,  from  one  shot  to  another,  at  that  dis- 
tance, often  exceed  one  or  one  and  a  half  yards.  But  when  troops 
are  in  compact  masses,  the  fire  is  still  very  effective  beyond  that 
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distance.  At  650  yards  the  musket  ball  is  still  deadly,  and  in- 
stances have  been  known  where  men  have  been  killed  or  wounded 
at  greater  distances.  In  general,  the  infantry  soldier,  in  the  ex- 
citement of  battle,  does  not  make  full  use  of  the  accuracy  of  fire 
of  his  arm,  which  has  led  some  to  think  there  is  no  great  advan- 
tage in  perfecting  the  accuracy  of  fire,  of  arms  intended  for  the 
use  of  the  mass  of  troops.  But  this  is  evidently  a  mistake,  since 
out  of  a  number  of  shots  fired  from  any  two  pieces,  that  one 
which  is  the  most  accurate,  will  have  the  greatest  number  effec- 
tive. So  long  as  the  fact  remains  of  the  great  disparity  between 
the  number  of  balls  expended  and  the  number  which  proves  effec- 
tive, it  is  useless  to  give  the  men  the  means  of  firing  a  greater 
number  of  balls  in  a  given  time.  It  is,  therefore,  not  advisable 
to  arm  our  infantry  with  breech-loading  arms,  which,  enabling 
them  to  expend  the  limited  amount  of  ammunition  carried  on  the 
person,  in  one  third  or  one  fourth  the  usual  time,  leaves  them 
destitute  perhaps  at  the  most  critical  moment.  The  best  position 
for  such  an  arm  is  in  the  hands  of  superior  marksmen,  detached  as 
light  infantry,  or  in  deliberate  firing  from  behind  obstacles  of 
of  some  kind. 

The  effective  range  of  the  rifled  spherical  ball,  is  over  400 
yards.    The  oblong  rifle  ball  is  effective  at  1000  yards;  but  these  • 
arms  exhibit  their  marked  superiority  when  used  by  isolated 
marksmen. 

Cavalry  fire  is  generally  of  but  little  effect;  though  some 
examples  of  its  efficiency  have  been  exhibited,  especially  during 
the  Peninsular  war. 

Solid  Shot. — Beyond  the  limit  of  distinct  vision,  all  fires  be- 
come inexact ;  and  infantry  should  not  be  fired  at  beyond  1000 
yar's,  nor  cavalry  beyond  1200,  unless  the  ground  is  suitable  for 
ricochet  firing,  and  the  enemy's  troops  are  in  dense  masses. 

The  precise  effect  of  a  single  ball  cannot  be  accurately  stated. 
Cases  are  cited  where  thirty  or  forty  men  have  been  disabled  by 
a  single  shot ;  but  it  is  laid  down  as  a  principle,  that  a  6  or  12 
pound  ball  will  go  through  six  men  at  SO  yards'  distance. 

As  the  distance  decreases,  the  12-pounder  loses  some  of  its  ad- 
vantage over  the  6-ponnder ;  but  it  is  always  superior  in  its  fire, 
and  experiments  show  that  the  larger  caliber  may  compensate, 
by  its  greater  accuracy,  for  the  less  number  of  its  shots. 
17 


250 


PRACTICE   OF  FIHE. 


On  hard,  dry  ground,  the  rolling  is  better  than  the  direct  fire, 
at  very  great  distances,  as,  then,  the  shot  bounds  along  the  ground, 
striking  objects  at  a  number  of  points  on  its  trajectory.  On  fa- 
vorable ground,  solid  shot  from  field  guns  will  range  as  high  as 
1000  or  1800  yds.  The  probability  of  striking  an  object  is  the 
greatest  possible  at  500  yards,  at  which  distance  f  or  $  of  the 
balls  will  carry.  At  800  yards,  the  chance  of  striking  an  object 
is  reduced  to  \  or  ±. 

If  a  ball,  moving  with  great  velocity,  goes  through  an  object 
which  offers  little  resistance,  it  does  not  displace  it,  and  will  make 
but  a  small  hole  ;  but  if  the  ball  has  but  little  velocity,  it  splits 
and  scatters  the  object  into  splinters. 

A  ball,  passing  through  any  of  the  fir-woods,  makes  a  clean 
round  hole,  while  oak  is  splintered  and  broken  to  a  more  or  less 
extent  In  this  respect  the  former  is,  then,  preferable  to  oak  in 
positions  exposed  to  the  fire  of  artillery. 

Solid  shot  is  of  very  little  effect  upon  earthen  parapets,  unless 
it  passes  through,  in  which  case  it  soon  knocks  them  down.  At 
600  yards,  shot  from  field-guns  will  penetrate  from  5  to  6.V  feet 
into  newly  thrown-up  earth.  Siege-guns  will  penetrate  with  their 
shot  double  this  distance. 

Shells,  although  less  accurate  than  solid  shot,  produce  a 
greater  moral  effect  by  their  noise  and  force  of  explosion.  They 
are,  therefore,  to  be  preferred  in  firing  against  cavalry,  and  are 
used  also  to  reach  troops  masked  by  broken  ground,  or  works, 
and  to  set  fire  to  block-houses  or  villages,  held  by  an  enemy,  and 
in  general,  against  any  wooden  structure,  which  they  break  up 
and  set  fire  to. 

The  large  8-in.  and  10-in.  howitzer-shells  arc  very  destructive 
either  by  destroying  or  setting  fire  to  the  shelters  of  an  enemy,  or 
by  destroying  the  parapets  and  traverses  of  his  batteries,  the  shells 
acting,  in  their  explosion,  like  small  mines. 

When  a  shell  is  burst  while  stationary,  the  pieces  arc  dispersed 
in  almost  every  direction,  with  more  or  lessfcrce,  according  to 
the  resistance  offered  by  the  sides.  But  if  it  is  in  motion,  those 
parts  of  it  in  front  will  move  forward  with  an  increased,  and 
those  in  rear  with  a  decreased  velocity  :  and  in  case  the  shell  is 
moving  at  the  time  with  verv  little  velocity,  this  mav  be  entirely 
overcome  for  the  rear  parts  by  the  explosion,  and  they  may  drop 
at  once  to  the  ground,  or  even  be  thrown  backwards. 
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In  forming  a  good  marksman  with  any  arm,  the  first,  and  one 
of  the  most  important  steps  is  to  instruct  him  how  to  estimate  dis- 
tances. Proficiency  in  this  can  be  obtained  only  by  constant 
practice. 

The  men  should  be  first  taught  to  measure  distances  by  the 
pace,  in  which  they  should  be  practiced  until  they  learn,  in  pacing 
off  a  distance,  to  take  a  uniform  step  of  a  yard. 

In  order  to  estimate  distances  by  the  eye,  spaces  are  measured 
off,  and  men  are  placed  at  points  along  the  line  to  show  their  dif- 
ferent appearance  at  the  different  distances.    For  this  purpose 
the  ground  should  be  level ;  persons  are  then  stationed  at  differ- 
ent points,  and  the  men  made  to  estimate  the  distances  to  them. 
The  distances  arc  then  paced,  and,  finally,  measured.    In  these 
different  operations  the  men  are  made  to  notice  the  different  parts 
of  the  body  and  equipments,  which  become  indistinct  as  the  per- 
son is  removed  farther  off.  On  a  clear  day,  and  with  ordinary  sight, 
at  from  190  to  200  yards,  every  part  of  a  man's  body  can  be  seen ; 
and,  although  the  details  of  dress  and  figure  begin  to  grow  indis- 
tinct, the  grades  of  the  officers  can  bo  recognized  at  these  distances. 
From  400  to  480  yards,  the  face  can  no  longer  be  distinguished, 
but  the  head,  body,  arms  and  movements,  as  well  as  the  uniforms 
and  muskets,  can. 

At  600  yards,  the  head  and  upper  and  lower  parts  of  the  body 
can  be  made  out;  and  of  the  uniform,  the  accouterments  and 
white  pantaloons  only  can  be  seen. 

From  750  to  800  yards,  the  body  appears  of  an  elongated  form. 
Extended  arms  can  be  seen  in  profile,  as  also  the  legs  of  men  in 
motion.  The  uniform  can  no  longer  bo  distinguished  at  900 
yards ;  but  the  files  can  still  be  seen,  as  well  as  the  movement 
of  troops,  and  the  dust  thrown  up  by  a  projectile  ricocheting  on 
dry  ground.  From  1100  to  1200  yards,  the  files  can  scarcely  be 
distinguished,  and  the  troops  appear  like  solid  masses,  the  move- 
ments of  which  can  still  be  followed. 

Stadia.  A  very  simple  aid  in  estimating  distances,  consists  of 
a  small  stick,  held  vertically  in  the  hand  at  arm's  length,  and 
bringing  the  top  of  a  man's  head  in  line  with  the  top  of  the  stick, 
noting  where  a  line  from  the  eye  of  the  observer  to  the  feet  of 
the  man  cuts  the  stick,  or  stadia,  as  it  is  called  in  France. 

To  graduate  the  stadia,  a  man  of  the  ordinary  height  of  a  foot- 
Boldicr,  say  5  ft.  8  in.,  is  placed  at  a  known  distance,  say  50 
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yards ;  and  the  distance  on  the  stick  covered  by  him  when  it  is 
held  at  arm's  length  is  marked  and  divided  into  8  equal  parts. 
If  the  distance  is  now  increased,  until  the  man  covers  only  one  of 
these  divisions,  we  know  he  is  at  a  distance  equal  to  50  yds.  x  8 
=  400  yards.  This  instrument  is  not  very  accurate,  except  for 
short  distances. 

A  much  more  accurate  stadia  is  constructed  by  making  use 
of  a  metal  plate,  having  a  slit  in  it  in  the 
form  of  an  isosceles  triangle,  the  base  of 
which,  held  at  a  certain  distance  from 
the  edge,  subtends  a  man,  (5  ft.  8  in.)  say 
at  the  distance  of  100  yards.  A  slider, 
a  b,  Fig.  160,  moves  along  the  triangle, 
being  always  parallel  to  the  base,  A  B,  and  the  length  of  it  com- 
prised between  the  two  sides  of  the  triangle,  represents  the 
height  of  men  at  different  distances,  which  are  marked  in  yards 
on  the  side  of  the  triangle,  above  or  below,  according  as  the  object 
looked  at  is  a  foot  or  horseman.  In  order  to  keep  the  stadia 
always  at  the  same  distance  from  the  eye,  a  string  is  attached  to 
the  slider,  the  opposite  end  having  a  knot  tied  in  it,  which  is  held 
between  the  teeth  while  using  the  instrument,  which  is  held  in 
the  right  hand,  the  slider  being  moved  with  the  left-hand  linger. 
The  string  should  always  be  kept  stretched  when  the  instrument 
is  used,  and  the  line  AB  in  a  vertical  position. 

It  may  be  graduated,  either  experimentally,  by  noting  the 
positions  in  which  the  slider  a  b  represents  the  apparent  height  of 
a  man,  at  different  known  distances ;  or  it  may  be  graduated  by 
calculation,  as  follows : 

Calling  the  base  of  the  triangle  A  B  C,  b,  and  the  height  A, 
the  distance  of  the  stadia  from  the  eye  d,  and  the  distance  to  the 

object  whose  apparent  height  is  J,  D,  D  

H,  the  real  height  of  the  object,  a?  the 
graduation  corresponding  to  any  other 
distance  D',  and  b'  the  base  of  the  tri- 
angle a  C  b  (Fig.  160),  whose  height  is 
A -a?,  the  similar  triangles  A  O  B,  and 
FOG  (Fig.  161),  will  give  the  propor-  fi* 

tion  d:b  :  :  D  :  IT,  and  consequently  d  = 


TRAJECTORY.  253 

In  the  triangles  a  Ob  and  KOI,  Figs.  161,  we  have 

d:b  ::D  :II  and  Hence,  bD= bD'  (1) 

The  triangles  A  C  B  and  a  C  b,  Fig.  160,  give 

h:h-x:b:  b\  and  6=i(A^)  (2) 
Combining  equations  1  and  2,  eliminating  b\  and  deducing 

the  value  of  a?,  we  nave  x=  ' 

When  z=o,  we  have  1=1/ f  and  consequently  D=D'.  From 
the  equation  the  value  of  J  is  found  = which  is  the 

JId 

equation  of  the  ordinary  stadia.    It  gives  D=—  ,    being  the 

length  of  the  cord,  Zf  the  heigbt  of  the  object,  and  b  that  of  the 
stadia  scale. 

Trajectory. — Very  little  was  known  in  early  times  of  the 
form  of  the  path  described  by  a  projectile  moving  through  the 
air;  it  being  supposed  by  some  a  compound  curve,  and  by  others 
a  parabola  with  a  vertical  axis  ;  and  these  errors  continued  until 
Sir  Isaac  Newton,  towards  1723,  demonstrated  the  modifications 
produced  by  the  resistance  of  the  air,  which  he  estimated  was 
proportional  to  the  square  of  the  velocity ;  and  Benjamin  Robins, 
the  inventor  of  the  ballistic  pendulum,  showed  conclusively  that 
the  resistance  of  the  air  could  not  be  neglected  in  computing  the 
trajectory,  by  proving  the  range  in  vacuo  many  times  greater 
than  that  in  the  air. 

In  a  trajectory,  the  first  or  ascending  branch  A  By  is  of  less 
and  less  curvature  the  nearer  we  approach  the  piece,  and  the 
greater  the  velocity.    The  point  B,  Fig.  162,  where  the  projectile 
T  q      y  is  at  its  greatest  elevation,  is  called  the 

^y'iS  culminating  point.  The  descending  branch 

B  C  becomes  constantly  straighter,  and 
approaches  more  nearly  the  vertical  as  the 
— — projectile  is  lighter  and  loses  more  of  its 
fi*.  i«a.  velocity  by  the  resistance  of  the  air.  On 

horizontal  ground  the  descending  branch  is  always  the  shortest. 
The  angle  of  fire  is  the  angle  T  AC,  which  the  axis  makes  with 
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the  horizontal.  "When  the  gun  and  point  of  fall  are  on  the  same 
level,  this  angle  is  less  than  the  angle  of fall ,  which  is  the  angle 
B  C  A  made  by  the  tangent  to  the  trajectory  with  the  ground  at 
the  point  of  fall. 

As  the  weight  of  a  projectile  increases,  and  its  velocity  de- 
creases, the  resistance  of  the  air  decreases,  tho  curve  described 
becomes  more  like  a  parabola,  and  the  angle  of  fall  becomes  more 
nearly  equal  to  the  angle  of  fire. 

Ricochets. — When  the  angle  of  fall  is  small  enough,  the  pro- 
jectile rises  and  continues  to  move  on,  forming  a  series  of  bounds 
or  ricochets,  increasing  in  number  as  the  angle  of  incidence  de- 
creases, the  velocity  increases,  and  the  ground  is  more  elastic  and 
resisting.  The  projectile  will  ricochet  under  a  greater  angle  on 
a  hard  resisting  Boil,  than  it  will  on  a  soft  one.  A  ricocheting 
ball  makes  a  furrow  in  the  ground,  and  each  time  the  angle  under 
which  it  leaves  the  ground  is  greater,  than  that  under  which  it 
enters  it ;  for,  having  lost  a  portion  of  its  velocity  in  passing  over 
the  first  part  of  the  curve,  it  has  no  longer  the  same  power  to 
overcome  resistance,  and  must  pass  out  by  a  shorter  path  than 
tho  one  it  followed  in  entering,  and  consequently  the  angle  is 
increased,  which  causes  the  more  or  less  rapid  extinction  of  the 
ricochets. 

An  incompressible  surface,  like  water,  is  still  more  favorable 
for  ricochets  than  ground,  and  is  attended,  besides,  with  less  loss 
of  velocity.  If  the  angle  of  incidence  is  too  great,  the  ball  buries 
itself  in  the  ground,  inclining  to  the  side  on  which  it  meets  with 
least  resistance. 

The  kind  of  fire  varies  with  the  ground  and  the  object  to  be 
attained. 

A  direct  fire  is  one  in  which  the  projectile  strikes  the  mark 
without  touching  the  intermediate  ground.  This  fire  is  generally 
used  with  gum. 

A  grazing  fire  is  where  the  ball,  rising  but  slightly  from  the 
ground,  and  striking  it  under  a  6m all  angle,  makes,  at  the  end  of 
its  flight,  a  large  number  of  ricochets.  In  6uch  a  fire,  the  ball 
should  not  strike  the  ground  under  a  greater  angle  than  10°. 

A  plunging  fire  is  where  a  ball,  striking  under  a  large  angle, 
buries  itself  in  the  ground,  losing  its  velocity  entirely,  or  making 
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only  a  few  ricochets.  The  least  angle  under  which  this  takes 
place  is  about  10°. 

A  horizontal,  parallel,  or  rolling  fire,  is  one  in  which  the  axis 
of  field  pieces  is  placed  horizontal  or  parallel  to  the  ground.  In 
this  case,  the  line  of  sight  strikes  the  ground  about  75  yards  in 
front  of  the  piece,  and  the  ball  meeting  it  under  a  very  small  an- 
gle, describes  a  number  of  low  bounds  or  ricochets.  This  kind  of 
fire  is  more  efficient  in  striking  a  remote  line  than  the  direct  fire, 
as  the  ball  in  the  latter,  rising  higher,  can  strike  an  enemy  in 
only  a  very  small  segment  of  its  path.  For  the  horizontal  fire, 
however,  a  very  hard,  firm,  and  level  ground  is  required,  such  as 
is  very  seldom  met  with  on  a  field  of  battle. 

A  ricochet  fire  is  used  to  strike  an  enemy  concealed  behind  an 
obstacle,  and  to  break  up  the  ground  he  occupies,  by  the  succes- 
sive ricochets  of  the  shot.  It  is  used,  especially  in  sieges,  in  flank 
and  reverse  fires,  to  destroy  the  defenses  of  the  besieged,  and  dis- 
mount his  guns.  The  ball  having  grazed  the  interior  crest  of  the 
parapet  adjoining  the  face  to  be  destroyed,  falls  upon  the  terre- 
plcin  and  ricochets  along  it. 

The  angle  of  arrival  is  the  angle  which  the  tangent  to  the 
trajectory  makes  with  the  horizontal  at  the  interior  crest ;  while  the 
angle  of  fall  is  the  angle  which  the  tangent  makes  at  the  point  of 
fall  with  the  terre-plein.  The  size  of  this  angle  will  determine 
the  kind  of  ricochet.  It  will  be  grazing  if  the  angle  is  4  or  less 
and  plunging  when  it  is  comprised  between  0°  and  10°. 

Small  projectiles  seldom  ricochet  under  angles  so  large  as  from 
7°  to  83.   Large  shells  ricochet  under  larger  angles  than  large  shot. 

Designating,  Fig.  163,  by  //'the 
height  of  the  interior  crest  above 
the  terre-plein,  wo  shall  have  the 
equation, — The  distance  which  the 
ball  strikes  inside  the  interior  crest 

CB=JIA — 1 —  =  //  cotang  a;  a  Ft* 
tang,  a 

being  the  angle  of  fall.  This  distance  being  fixed,  the  kind  of 
ricochet  becomes  known. 

At  great  distances,  either  can  be  employed,  but  the  grazing  is 
generally  used  as  more  efficacious;  though  the  trajectory  must 
have  a  certain  degree  of  curvature,  otherwise  many  of  the  shot 
are  lost  by  passing  over  the  work. 
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As  the  projectile  should  strike  the  terre-plein  as  near  as  possi- 
ble to  the  interior  crest,  it  should  pass  over  this  on  the  descend- 
ing branch  of  its  trajectory;  otherwise,  continuing  to  rise,  it  would 
pass  over  the  work  entirely,  or  partly,  and  strike  objects  only  on 
a  small  segment  of  its  path,  so  that  at  very  short  distances  a  more 
inflected  curve  is  necessary. 

Upon  terre-pleins  the  limit  of  ricochets  seldom  exceeds  10 3 
unless  the  ground  is  very  dry  and  hard.  A  ball  will  ricochet 
better  in  dry  summer  weather  than  in  wet. 

In  grazing  ricochets,  the  ball  is  given  a  great  velocity,  and 
the  curves  described  are  long  and  flat.  In  plunging  ricochets 
the  contrary  is  the  case. 

Solid  shot,  acting  by  their  force  of  percussion  alone,  are  not 
very  effective  when  they  have  but  little  velocity,  (runs,  there- 
fore, should  not  be  employed  under  200  yards,  as  it  would  be 
necessary  to  decrease  the  charges  too  much  for  ricochet  firing. 
Howitzers  can  be  used  advantageously  at  the  shortest  distances ; 
the  size  of  the  shells  and  their  force  of  explosion  supplying  their 
want  of  velocity. 

The  ricochet  firing  with  field  pieces  differs  but  little  from  a 
rolling  fire ;  when  this  fire  is  used  against  works,  it  resembles 
that  used  in  the  attack  of  fortifications. 

The  fire  of  greatest  range,  is  that  obtained  by  giving  the  piece 
the  greatest  elevation  it  can  take  on  its  carriage,  and  employing 
the  largest  charge  used  for  that  caliber ;  bnt  as  this  kind  of  fire 
is  very  injurious  to  the  carriage,  and  often  breaks  it,  it  is 
employed  only  in  testing. 

Horizoidal  fires,  are  those  in  which  the  axis  of  the  piece  has 
small  angles  of  elevation.  Vertical  fires,  are  those  where  the 
angle  is  very  great,  as  in  mortars. 

The  rules  of  fire  for  ordnance  which  fires  horizontally,  result* 
from  the  knowledge  of  the  mean,  trajectory,  which,  like  the  mean 
trajectory  of  the  musket,  comprises  all  the  causes  of  error  which 
can  modify  the  fire;  but  the  trajectory  of  artillery  projectiles 
being  more  constant  in  its  form,  the  results  are  more  accurate,  a 
consequence  of  the  fact  that  as  the  caliber  of  the  arm  increase*, 
each  particular  trajectory  approaches  more  nearly  the  mean 
trajectory. 

When  canister  is  fired,  the  balls,  having  broken  the  case, 
escape  in  the  form  of  a  cone,  and  striking  against  each  other,  and 
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against  the  sides  of  the  piece,  diverge  more  or  less  according  to 
the  distance ;  but  the  greater  part  of  the  balls  are  found  to  be 
near  the  center,  and  the  rules  of  fire  are  still  based  upon  the 
knowledge  of  the  mean  trajectory. 

For  vertical  fires,  the  rules  are  based  upon  the  knowledge  of 
the  mean  range,  and  the  relation  which  can  be  established  between 
charges  and  the  corresponding  ranges. 

The  ranges  of  pieces  of  the  same  caliber,  fired  under  the  same 
angle  and  with  the  same  charge,  will  be  different  from  various 
causes,  among  which  are, — 

The  different  diameters  of  the  bore  and  vent,  from  the  widen- 
ing of  these  parts. 

The  difference  in  the  diameter  and  weight  of  the  projectiles. 

The  difference  in  the  quality  of  the  powder,  and  especially  in 
its  hygrometric  state,  and  the  manner  in  which  it  inflames  and 
communicates  motion  to  the  projectile. 

The  thermometric,  barometric,  and  hygrometric  state  of  the 
air ;  a  variation  in  the  temperature  and  pressure,  increasing  or 
diminishing  sensibly  the  range. 

The  vibrations  of  the  piece  and  the  projectiles,  especially  when 
the  latter  are  hollow,  are  not  without  their  influence,  particularly 
when  the  piece  is  formed  of  a  thin  and  elastic  tube ;  and  it  is  from 
this  last  reason  that  pieces  whose  recoil  has  been  almost  entirely 
prevented,  fire  less  accurately  than  those  which  are  allowed  to 
recoil  freely.  The  vibrations  are  so  much  the  more  violent  as  the 
charge  and  length  of  piece  are  increased ;  and  experiment  proves 
that  a  musket  fires  less  accurately  when  solidly  fixed,  than  when 
fired  from  the  shoulder. 

Loading. — The  manner  of  loading  the  different  kinds  of  pieces 
being  given  in  the  tactics,  it  will  be  necessary  here,  simply  to  lay 
down  some  general  principles. 

In  long  pieces,  the  vent  should  always  be  kept  carefully  closed, 
while  the  loading  is  going  on,  especially  when  sponging,  to  pre- 
vent the  current  of  air  from  passing  out  and  collecting  there 
pieces  of  thread,  paper,  «&c,  from  the  cartridge  bag,  which  would 
retain  fire  in  the  gun,  and  cause  premature  explosion  the  next 
time  the  gun  was  loaded.  This  precaution  is  the  more  necessary, 
when  the  sponge  fits  the  bore  tight,  and  acts  as  a  piston.  The 
sponge  Bhould  be  well  pressed  down  against  the  bottom  of  the 
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bore,  and  turned,  so  a9  to  leave  no  remnant  of  the  cartridge  bap. 
In  mortars,  where  a  sponge  is  seldom  used,  or  when  it  does  not 
fit  tightly,  the  stopping  of  the  vent  is  not  necessary ;  but  it  should 
always  be  cleared  out  with  the  priming  wire  before  the  powder  is 
placed  in.  Mortar-6hells  should  be  let  down  gently  so  as  not  to 
be  forced  into  the  chamber,  or  crush  suddenly  any  powder  they 
may  meet. 

The  use  of  sabots  is  avoided  when  firing  over  the  heads  of  our 
own  men. 

It  may  sometimes  become  necessary  to  fire  a  shell  from  a 
mortar  too  large  for  it ;  in  which  case  it  is  wedged  in  on  different 
sides  with  pieces  of  soft  wood,  and  the  6pace  between  it  and  the 
bore  filled  in  with  earth. 

Large  shells  may  be  fired  from  guns  or  howitzers  by  placing 
the  breech  in  a  hole  2  or  3  feet  deep,  and  resting  the  piece  length- 
ways on  two  pieces  of  timber,  inclined  about  45°,  the  elevation 
being  regulated  by  a  quoin  under  the  chase.  The  shell  is  then 
placed  upon  the  mouth  of  the  piece,  and  held  there  by  a  cord, 
which  passes  around  it  and  is  fastened  to  one  around  the  neck. 
In  this  way  the  shell  closes  the  mouth  of  the  piece.  The  loading 
is  as  easily  and  as  quickly  performed  as  in  mortars,  and  the  firing 
is  tolerably  accurate.  To  insure  the  fuze  taking  fire,  it  is  primed 
with  a  piece  of  quick-match. 

For  want  of  shells  to  set  fire  to  works  in  the  field,  hot  shot 
may  be  used,  the  forge  serving  as  a  furnace  to  heat  them  in. 
Canister  shot  may  be  replaced  by  filling  pasteboard  cylinders, 
having  heads  of  elm,  1$  inch  thick,  with  musket  balls  placet!  in 
beds,  and  sealed  with  good  plaster ;  the  weight  of  the  whole  not 
to  exceed  that  of  the  shot,  and  to  be  fired  with  a  charge  of  i  of 
that  weight,  and  not  at  a  greater  range  than  300  or  400  yards. 

Chaeges. — The  charges  to  be  used  depend  upon  the  kind  of 
fire,  the  purpose  of  it,  the  nature  of  the  ground,  object  fired  at,  <fcc. 

In  mortars,  the  usual  angle  of  elevation  is  45°,  generally  a 
little  less ;  and  the  charges  vary  according  to  the  distances.  The 
charges  are  rectified  by  knowing  the  increased  range  correspond- 
ing to  a  given  increase  in  charge. 

In  early  times  two  men  were  required  in  firing  a  mortar,  one 
to  fire  the  piece,  the  other  to  light  the  fuze,  which  could  not  take 
fire  from  the  bla9t,  earth  being  packed  in  to  destroy  the  windage, 
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and  with  an  idea  that  it  prevented  the  shell  from  being  broken. 
Tliia  method  of  firing  gave  rise  to  many  accidents.  Should  the 
piece  miss  fire,  the  shell  burst  in  it,  and  if  the  fuze  failed  to  take 
lire  before  the  charge,  it  did  not  burst  at  all.  As  soon  as  it 
became  known  that  the  fuze  could  be  lit  bv  the  blast  of  the 
charge,  the  packing  of  earth  was  discontinued,  and  the  present 
method  of  firing  was  adopted. 

Long  pieces  were  at  first  loaded  with  loose  powder,  carried  to 
its  place  at  the  bottom  of  the  bore  by  means  of  a  long-handled 
ladle ;  and  although  cartridge  bags  were  sometimes  used,  it  was 
not  until  Gribeauval  substituted  the  use  of  them  entirely  that 
they  were  permanently  adopted.  To  this  celebrated  Frenchman 
are  we  also  indebted  for  the  use  of  the  hausse,  or  breech-sight, 
previously  almost  entirely  unknown.  Before  its  adoption,  pieces 
were  fired  with  but  little  accuracy,  except  at  point-blank  range  ; 
and  it  is  singular  that  so  many  objections  should  have  been 
urged  against  the  use  of  an  instrument  now  so  indispensable  to 
the  proper  sighting  of  artillery. 

In  field  gun*,  when  firing  solid  shot,  the 
charge  is  usually  about  J  the  weight  of  the  shot. 
For  spherical  case  and  canister,  the  charge  is 
less.  These  projectiles  are  always  fixed  to  a 
block  of  wood,  called  a  sabot  (Fig.  164),  to  which 
the  cartridge  is  also  attached  ;  forming  what  is 
called  a  round  of  fixed  ammunition.    Fig.  165. 
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In  the  12-pdr.  field-howitzer,  also,  the  ammunition  used  is 
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fixed,  A,  Fig.  164 ;  but  with  the  other  howitzers  the 
projectile  and  charge  are  separate,  the  latter  being 
attached  to  a  block  of  wood  called  a  cartridge-block , 
Fig.  166,  the  object  of  which  is  to  give  a  finish  to 
the  cartridge  and  fill  the  chamber,  the  dimensions 
of  the  block  being  so  calculated  for  each  different 
charge  as  to  reach  to  the  mouth  of  the  chamber. 
The  sabots  used  with  these  heavy  howitzers  are  con- 
ical in  shape  to  fit  the  connecting  surface  between 
the  chamber  and  bore. 

Care  should  be  taken  in  loading  to  put  the  seam  of  the 
cartridge  to  the  sides,  so  that  it  will  not  come  under  the 
vent. 

In  loading  the  32  and  24-pdr.  howitzer,  the  cartridge  is  first 
pushed  carefully  into  the  chamber  without  ramming,  and  the 
shell  is  then  set  home,  also  without  ramming. 

In  loading  the  mountain-howitzer,  it  is  best  to  keep  the  sponge 
moistened,  especially  when  the  piece  is  fired  rapidly. 

For  the  siege  and  garrison  guns,  the  charge  is  J  the  weight  of 
the  shot,  which  is  increased  in  breeching  to  -J,  and  sometimes  to 
\.  The  French,  whose  guns  of  this  size  are  made  of  bronze,  Hie 
hay-wads  between  the  charge  and  shot,  varying  the  length  of  wad 
so  as  to  prevent  the  formation  of  lodgments  in  the  bore.  Wads 
are  not  usually  employed  in  our  service.  For  firing  hot  shot, 
cartridge-bags  are  made  double,  by  placing  one  within  the  other, 
care  being  taken  to  prevent  the  powder  sifting  out ;  and  wads  of 
wet  hay  or  clay  are  used. 

To  Load  with  Hot  Suot.— The  piece  should  be  sponged  with 
great  care,  and  the  worm  frequently  passed  into  the  bore.  As  a 
precaution,  it  is  well  to  insert  a  wet  sponge  just  before  putting  in 
the  ball. 

The  muzzle  being  sufficiently  elevated  to  allow  the  ball  to  roll 
down  the  bore,  the  cartridge  is  inserted,  the  mouth  of  the  outer 
bag  foremost,  the  fold  down,  and  carefully  pushed  home  without 
breaking  it  ;  a  dry  hay  wad  is  placed  upon  it  and  rammed  once ; 
then  a  clay  or  wet  hay  wad  and  rammed  twice;  and  finally,  if 
firing  at  angles  of  depression,  a  wad  of  clay  a  half-caliber  in 
length,  or  a  wet  hay  wad,  is  put  on  the  ball. 
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The  charges  for  hot  shot  are  from  i  to  }  the  weight  of  the 
shot.  With  small  velocities,  the  shot  splits  and  splinters  the 
wood,  so  as  to  render  it  favorable  for  burning.  With  great 
velocity,  the  ball  sinks  deep  into  the  wood,  is  deprived  of  air  by 
the  closing  of  the  hole,  and  chars  instead  of  burning  the  surround- 
ing wood.  It  should  not  penetrate  deeper  than  10  or  12  inches. 
Red-hot  balls  do  not  set  fire  to  the  wood  until  some  time  after 
their  penetration.  They  retain  sufficient  heat  to  ignite  wood 
after  having  made  several  ricochets  upon  water. 

The  wads  are  made  of  clay  or  hay.  Clay  wads  should  consist 
of  pure  clayr  or  fuller's  earth,  free  from  sand  or  gravel,  well 
kneaded  with  just  enough  moisture  to  work  well.  They  are 
cylindrical,  and  one  caliber  in  length. 

Hay  wads  should  remain  in  the  tub  to  soak,  at  least  ten  or 
fifteen  minutes.  Before  being  used,  the  water  is  pressed  out  of 
them. 

When  hay  wads  are  used,  vapor  may  be  seen  escaping  from 
the  vent  on  the  insertion  of  the  ball ;  but  as  this  is  only  the  effect 
of  the  heat  of  the  ball  on  the  water  contained  in  the  wad,  no 
danger  need  be  apprehended  from  it. 

With  proper  precautions  in  loading,  the  ball  may  be  permitted 
to  cool  in  the  gun  without  igniting  the  charge.  The  piece,  how- 
ever, should  be  fired  with  as  little  delay  as  possible,  as  the  vapor 
would  diminish  the  strength  of  the  powder. 

Furnaces  foe  Heating  Shot  are  erected  at  the  forts  on  the 
sea-coast.  These  furnaces  hold  sixty  or  more  shot.  The  shot 
being  placed,  and  the  furnace  cold,  it  requires  one  hour  and  fif- 
teen minutes  to  heat  them  to  a  red  heat ;  but  after  the  furnace  is 
once  heated,  a  24-pdr.  shot  is  brought  to  a  red  heat  in  twenty-five 
minutes;  the  32-pdr.  and  42-pdr.  shot  require  a  few  minutes 
longer.  Three  men  arc  required  to  attend  the  furnace ;  one  takes 
out  the  hot  shot,  and  places  them  on  the  stand  to  be  scraped ; 
another  scrapes  them  and  puts  them  in  the  ladle  ;  and  the  third 
supplies  cold  6hot  and  fuel. 

Grates  for  Heating  Snor. — In  siege  and  other  batteries, 
where  there  are  no  furnaces,  a  grate  is  used  for  heating  shot.  This 
grate  consists  of  four  bars  1.75  inch  square,  three  feet  long,  placed 
four  inches  apart  on  three  iron  stands  one  foot  in  height.    It  is 
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placed  in  an  excavation  one  foot  in  depth,  of  the  width  of  the 
grate,  perpendicular  at  the  back  and  side,  open  in  front,  the  legs 
resting  on  bricks  or  stones  rising  about  four  or  five  inches  from 
the  bottom.  A  roof  is  made  over  it  with  hoops  of  flat  iron,  cov- 
ered with  sods  and  eighteen  inches  of  earth,  having  in  the  back 
part  a  chimney  six  inches  square. 

The  shot  are  placed  on  the  back  part  of  the  grate,  leaving  one 
fourth  of  front  part  free ;  and  under  and  on  the  front  part  the 
wood  is  put,  cut  in  pieces  about  fourteen  inches  long  and  two 
inches  thick.  A  thick  sod  is  used  as  a  register,  to  regulate  the 
draught  of  the  chimney,  60  that  no  flame  can  issue  from  the  front 
This  grate,  which  will  contain  about  fifteen  24-pdr.  balls,  heats 
them  to  a  red  beat  in  an  hour,  and  will  supply  three  guns.  It 
requires  the  attendance  of  one  man. 

Heated  shot  do  not  return  when  cooled  to  their  original 
dimensions,  but  retain  a  permanent  enlargement. 

Hot  shot  have  been  almost  entirely  given  up  since  the  adop- 
tion of  the  method  of  throwing  large  hollow  shot  from  long 
pieces.  These  require  but  little  preparation,  can  be  used  at  once, 
and  are  more  terrible  in  their  effect,  at  the  same  time  that  they 
are  about  as  accurate,  since  in  order  to  prevent  too  great  a  pene- 
tration, the  charge  with  hot  shot  has  to  be  reduced. 

Paixhan  Guns.— In  1822,  Licut.-Col.  Paixhan,  of  the  French 
artillery,  submitted,  for  the  first  time,  his  plan  for  throwing  large 
heavy  shells  from  long  chambered  guns  (canons-a-bombes),  in  the 
same  way  that  solid  shot  is  thrown.  Up  to  that  time,  shells  fired 
from  long  pieces  had  been  limited  to  the  smaller  calibers  ;  and  it 
remained  for  Paixhan  to  prove,  after  the  greatest  opposition  on 
the  part  of  others,  that  it  was  as  practicable  and  almost  as  easy 
to  throw  shells  to  a  great  distance  with  slight  elevations,  as  to 
throw  shot. 

His  piece,  which  was  provided  with  a  chamber,  seems  to  have 
been  designed  more  especially  for  the  navy,  though  its  importance 
as  a  defense  against  shipping  in  sea-coast  defense,  was  early  per- 
ceived and  taken  advantage  of ;  and  his  pieces,  under  the  name 
of  Paixhan  guns,  have  been  adopted  in  almost  every  service; 
and  we  are  at  this  day  witnessing  the  fulfillment  of  some  of  his 
predictions  regarding  the  change  likely  to  take  place  in  the  size 
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and  motive  power  of  naval  vessels  from  the  adoption  of  this  new 
arm. 

The  pieces  are  loaded  like  the  guns,  with  the  additional  pre- 
caution of  placing  the  fuze  towards  the  muzzle,  and  cither  in  the 
axis  of  the  piece  or  above  it,  according  to  the  manner  in  which 
the  sabot  is  fixed.  Sometimes,  instead  of  using  a  sabot,  the  shell 
is  prevented  from  turning  in  the  bore  by  having  attached  to  it  a 
ring  or  grommet  wad.  Shells  should  not  be  rammed,  but  pushed 
gently  home  with  the  rammer. 

The  8~in.  siege  howitzer,  being  loaded  by  hand,  the  fuze  can 
be  placed  in  its  proper  position  without  the  assistance  of  a  sabot, 
which,  when  the  piece  was  fired  in  the  trenches  over  the  heads  of 
the  working  parties,  would  be  dangerous  to  them.  The  surface 
connecting  the  bore  with  the  chamber  is  therefore  made  spher- 
ical, so  that  the  shell  will  fit  down  over  the  mouth  of  the 
chamber. 

In  loading  this  piece,  as  well  as  with  the  mortars,  care  should 
be  taken  that  no  powder  remains  along  the  bore ;  and  in  firing 
under  small  angles,  or  at  a  depression,  the  shell  should  be  wedged 
up,  to  prevent  its  rolling  out. 

In  the  stone  mortar,  the  mouth  of  the  chamber  is  covered  with 
a  thick  oak  plank  having  a  number  of  holes  bored  through  it,  to 
allow  the  passage  of  the  flame ;  and  when  shells  are  fired,  they 
are  laid  in  beds  with  their  fuzes  placed  outwards,  and  cut  to  burn 
15  seconds.  The  mortar  is  primed  with  a  piece  of  quick-match 
long  enough  to  allow  the  cannoneers  to  get  out  of  the  way  of  any 
fragments  which  might  fall  in  the  battery.  The  same  precaution 
is  not  necessary  when  stones  or  balls  are  fired,  though  the  mortar 
is  then  given  an  elevation  of  CO0  instead  of  30°.  If  the  charge 
is  too  great,  the  projectiles  are  disseminated  over  too  great  a 
space.  It  should  not  exceed  1£  lbs.  with  a  weight  of  projectile 
of  100  lbs. 

In  ricochet  fibino  the  charges  are  very  variable,  according  to 
the  distance  of  the  mark  and  the  kind  of  ricochet  to  beu6ed.  For 
grazing  ricochets  the  charges  are  large,  and  the  gun  is  fired  at 
small  elevations.  For  plunging  ricochets,  the  reverse  is  the  case. 
In  general,  the  charges  are  very  nearly  inversely  proportional  to 
the  total  elevation,  that  is,  to  the  height  on  the  hausse  +  the 
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dispart.  The  smallest  charge  for  a  gun  with  6olid  6hot  should 
not  be  less  than     of  its  weight. 

Pointing.  To  point  apiece  is,  to  direct  its  axis  on  a  mark  and 
give  it  the  elevation  necessary  for  the  ball  to  strike  the  point 
intended.  The  line  of  6ight  is  usually  marked  upon  the  piece,  so 
that  the  firing  will  be  accurate  only  when  this  line  is  in  the  verti- 
cal plane  of  fire  and  the  trajectory  remains  in  this  plane. 

Long  Guns.  The  point-blank  range  increases  with  the  velocity, 
size,  and  density  of  the  projectile. 

The  manner  of  pointing  a  piece  to  strike  an  object  at,  within, 
and  beyond  point-blank  range,  and  the  advantages  of  the  hausse, 
have  already  been  explained. 

The  line  of  sight  and  point  blank  obtained  when  the  hausse 
is  used  are  called  artificial,  in  opposition  to  those  obtained  with- 
out it,  which  are  called  the  natural  point  blank  and  line  of  sight. 

The  effect  of  the  hausse,  or  breech-sight,  is  evident.  The 
apparent  increased  diameter  of  the  breech  obliges  us  to  elevate 
the  piece,  in  order  to  have  the  new  line  of  sight  directed  on  a 
given  object.  This  increases  the  angle  of  fire,  and,  consequently, 
the  range. 

For  firing  with  point-blank  range,  the  angle  of  sight  may  be 
diminished  by  using  the  hausse  on  the  chase,  or  between  the  han- 
dles ;  but  this  is  seldom  done. 

With  guns  and  howitzers,  by  means  of  the  hausse,  both  the 
elevation  and  direction  are  given  at  the  same  time ;  but  with 
mortars,  which  are  fired  at  a  great  elevation,  this  cannot  be  done, 
and  the  piece  is  first  given  its  elevation  with  the  quadrant,  either 
by  inserting  the  arm  in  the  bore,  or  placing  it  against  the  face  of 
the  piece,  and  afterwards  the  direction  is  given. 

MoBTAJi8  are  fired  either  over  the  parapet  or  through  embra- 
sures. In  the  former  case,  to  establish  the  vertical  plane  of  fire 
passing  through  the  object,  a  short  stake  is  driven  in  the  interior 
crest,  as  near  as  possible  opposite  the  middle  of  the  platform. 
Sighting  by  this  stake  a  long  one  is  planted  about  one  yard  in 
front,  and  a  cord  being  attached  to  the  top  of  it,  is  stretched  to 
the  rear  of  the  piece  over  the  head  of  the  first  stake,  and  a  third 
planted  directly  under  the  cord  one  yard  in  rear  of  the  platform. 
The  large  stake  is  then  removed,  and  the  cord  is  attached  to  the 
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raiall  stake ;  and,  when  stretched  overahe  rear  one,  gives  the  pro- 
per direction  of  the  mark,  and  is  not  so  liable  to  be  disarranged 
by  the  enemy's  6hot  as  if  attached  to  the  large  stake.  When  so 
stretched,  a  plumb-line  attached  to  it  will  determine  the  vertical 
plane  of  lire  passing  through  the  object,  and  the  center  of  the 
platform.  The  axis  of  the  piece  being  placed  in  this  plane,  by 
means  of  the  line  of  metal,  will  evidently  have  the  proper  direc- 
tion ;  but  should  the  shells  fall  habitually  out  of  line,  the  direction 
of  the  piece  is  corrected  by  means  of  the  pointing-board,  a  strip 
of  wood  with  a  notch  on  one  side  to  tit  on  the  rear  stake,  and 
graduated  both  ways  from  the  middle,  by  means  of  which  the 
mortar  may  be  directed  farther  to  the  right  or  the  left.  Should 
the  shell  fall  too  far  to  the  right,  the  cord  is  put  to  the  right  of 
the  rear  stake,  and  by  varying  the  position,  several  times  in  suc- 
cession, the  proper  direction  will  be  finally  reached. 

If  the  mortar  is  to  be  fired  through  an  embrasure,  drive  a 
stake  in  the  middle  of  the  embrasure,  near  the  interior  crest,  and 
attach  a  cord  to  it,  and  a  second  in  rear  of  the  platform,  as  near 
as  possible  in  line  with  the  first,  and  the  object ;  the  last  one  being 
high,  to  clear  the  mortar  with  the  cord,  and  allow  the  sighting. 
By  means  of  the  cord,  and  a  pointing-board  nailed  to  the  rear 
stake,  correct  the  shots  as  before.  The  cord  is  kept  in  its  place 
hy  a  little  picket,  which  is  attached  to  the  end,  and  driven  in  rear 
of  the  rear  stake. 

Another  method  for  directing  a  mortar,  is  for  the  gunner,  with 
a  plumb-line,  to  mount  any  object  in  rear  of  the  platform,  and 
cause  a  stake  to  be  driven  near  the  interior  crest,  and  another  in 
rear  of  the  platform,  in  line  with  the  first,  and  the  object.  Then, 
with  the  cord  and  pointing-board,  rectify  the  firing  as  before. 

The  angle  of  elevation  of  a  mark,  is  the  angle  which  the  line 
drawn  from  the  object  to  the  breech  of  the  piece  makes  with  the 
horizontal. 

When  the  object  fired  at  and  the  mortar  are  not  on  the  same 
level,  the  angle  of  greatest  range,  instead  of  being  45°  is  45°  ±| 
the  angle  of  elevation  or  depression  of  fhe  object.  Thus  to  reach 
an  object  elevated  15°  above  a  mortar,  the  angle  of  greatest  range 
would  be  45°+7i°=52i°  ;  while,  if  the  object  was  depressed  15°, 
tlie  angle  would  be  45°-7i=37£°. 

The  advantages  of  the  angle  of  greatest  range  are:— 1.  Econ- 
18 
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omy  of  powder.  2.  Diminution  of  recoil,  and  les3  strain  on  tlie 
piece  and  its  platform.  3.  More  uniformity  in  the  ranges  4  In- 
ferences of  a  few  degrees  above  or  below  cause  only  a  slight  dif- 
ference in  the  ranges. 

Should  the  distance  to  the  object  be  very  short,  and  the  vel* 
city  of  the  shells  not  great  enough  on  the  descending  branch,  they 
must  be  fired  under  an  angle  of  60°  ;  when,  of  course,  greater 
charges  must  be  used  for  the  same  distance,  the  ranges  obtained 
with  CO3  elevation  being  about  1-lOth  less  than  those  with  4o  . 
A  shell  fired  at  60'  elevation,  as  it  goes  higher  and  obtains  a 
greater  velocity  in  falling,  will  strike  more  directly  and  with 
greater  violence  upon  the  vaults  of  the  magazines  and  shelter*  of 
the  enemy,  and  will  have  a  greater  force  of  penetration. 

For  want  of  howitzers,  mortars  may  be  used  for  ncocnet 
firm-  The  least  angle  of  elevation  for  mortars  on  their  beds  be- 
ing 30°,  and  the  ricochet  angle  being  but  15°  at  most,  the  rear  oi 
the  bed  has  to  be  raised  up. 

Stone  mortars  are  pointed  in  the  same  way  as  other  mortars 
but  the  angle  of  elevation,  when  firing  stone,  is  60°,  in  order  tha: 
the  stones  may  have  a  greater  force  of  percussion.  In  finnr 
grenades,  the  angle  is  about  33°,  to  prevent  the  shells  from  bay- 
in*  too  great  a  force  in  falling,  by  which  they  would  be  buried  m 
the  ground,  and  their  explosion  become  less  effective. 

Ricochet  and  vertical  fires  being  used  to  batter  a  surface,  and 
not  an  isolated  point,  as  is  the  case  with  direct  fires,  can  be  utfU 
at  night  as  well  as  in  the  day-time. 

Guns  and  howitzers  are  fixed  for  night-firing  by  meat  on* 
the  distance  of  the  handle  of  the  elevating  screw  about  the  sen^ 
box,  or  cutting  a  stick  which  will  fit  between  the  breech  and 
trail  Tlie  direction  is  fixed  by  nailing  down  on  the  platform  tw, 
strips  of  wood,  one  outside  one  of  the  wheels,  the  other  along  the 
trail,  at  such  distances  as  to  allow  between  them  and  the  wb** 
and  trail  the  interposition  of  movable  strips,  which  are  taken  o, 
when  the  piece  is  ready  for  firing,  to  prevent  the  stationary  on* 
from  being  torn  up  by  the  recoil. 

With  mortars,  the  elevation  is  fixed  by  marking  the  quoin,  or 
by  tacking  a  strip  upright  on  the  bolster  so  as  to  touch  * 
chase.  Tlie  direction  of  tlie  bed  is  established  by  one  wovatu 
and  one  fixed  strip  of  wood  along  one  of  its  cheeks. 
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Garrison  and  6ca-coast  carriages  are  the  easiest  to  arrange  for 
night-firing,  the.  direction  being  fixed  by  simply  chocking  the 
wheels  of  the  chassis. 

Night-firing  is  evidently  not  so  accurate  as  day-firing,  but  with 
due  care  is  very  efficient. 

Solid  Shot  feom  Guns. — The  effect  of  solid  shot  increases 
with  the  caliber  and  velocity.  As  the  shot  acts  simply  by  its 
force  of  striking,  the  quantity  of  motion  imparted  to  it  should  be 
as  great  as  possible. 

For  any  given  piece  and  charge,  the  probability  of  striking  an 
object  is  the  greatest  possible  at  the  point-blank  range,  and 
diminishes  more  and  more  beyond  this.  The  largest  pieces  have 
the  greatest  point-blank  ranges,  and  are,  consequently,  for  any 
distance,  the  most  effective,  and  may,  from  this  fact,  compensate 
for  their  numerical  inferiority. 

Beyond  the  limit  of  distinct  vision  the  fire  loses  a  great  part 
of  its  efficiency,  so  that  infantry  should  not  be  fired  at  much  be- 
yond 1,000  yards,  nor  cavalry  at  more  that  1,200,  unless  the 
ground  be  very  favorable  for  ricochet  firing,  or  the  enemy  is  in 
dense  masses,  and  in  favorable  positions,  as,  for  instance,  in 
column. 

When  the  ground  is  hard  and  dry,  the  rolling  fire  is  more 
suitable  than  the  direct,  for  great  distances;  as  with  the  latter  the 
shot  strikes  but  at  one  point,  and  is  too  high  to  strike  interme- 
diate points. 

When  the  ground  is  favorable  for  ricochets,  the  %hot  from 
field  guns  will  range  as  high  as  1700  and  1900  yards,  after  mak- 
ing a  number  of  more  or  less  extensive  bounds.  The  probability 
of  striking,  however,  is  greatest  at  about  500  yards,  at  which  dis- 
tance two  thirds  or  one  half  of  the  shots  will  range.  At  800 
yards  the  chance  of  striking  is  reduced  to  one  third  or  one  fourth. 

A  ball  striking  against  a  scarp,  or  wall,  makes  in  it  a  funnel- 
shaped  opening  terminated  by  a  cylindrical  one,  the 
mouth  of  which,  A,  Fig.  167,  is  from  five  to  eight  times 
the  diameter  of  the  ball.   The  shock,  besides,  splits  and 
oreaks  the  masonry  in  a  circle  varying  from  four  to  five  j 
feet  in  diameter  for  the  largest  calibers. 

Shot  from  field  guns  will  easily  penetrate  walls  from  one  and 
a  half  feet  to  two  feet  thick  ;  but  good  mason ry  four  feet  thick  is 
safe  against  them,  unless  a  regular  breach  is  made,  which  is  a 
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long  operation.  Experiments  sliow  that  breaches  can  be  success- 
fully effected  with  12-pounders. 

Shells,  in  consequence  of  irregularities  attending  their  con- 
struction, are  less  exact  in  their  fire  than  shot,  especially  at  great 
distances,  their  effect  being  estimated  at  two  thirds  that  of  the 
corresponding  shot.  In  consequence  of  their  noise  and  explosion, 
however,  their  moral  effect  is  greater  than  with  shot,  and  they  are 
preferred,  therefore,  in  firing  against  cavalry.  Their  extreme 
range  is  sometimes  as  great  as  2000  yards.  The  number  of  rico- 
chets they  make  is  very  variable,  and  depends  on  the  nature  of 
the  ground.  The  24  and  32  pound  shells  break  into  eighteen  or 
nineteen  deadly  pieces,  which  are  sometimes  thrown  600  yards. 

Shells  may  be  made  use  of  to  open  breaches  in  intrenchments, 
as  on  penetrating  and  exploding,  they  act  like  small  mines.  It  is 
estimated  that  for  every  two  pounds  of  powder  which  they  con- 
tain two  cubic  yards  of  earth  are  displaced.  The  32-pdr.  howitzer, 
on  account  of  its  greater  accuracy,  is  more  suitable  for  this  pur 
pose  than  the  24.  These,  with  their  maximum  charges,  send  their 
shells  from  four  to  five  feet  into  earth  newly  thrown  up. 

Shells  are  very  effective  against  block-houses  and  all  other 
wooden  structures,  which  they  knock  down,  break  to  pieces,  and 
set  on  fire. 

The  total  range  of  the  mountain  howitzer  sometimes  reaches 
1 200  yards,  after  the  shell  has  ricocheted  three  or  four  times.  The 
12-pound  shell  breaks  into  twelve  or  fifteen  pieces,  which  are 
sometimes  thrown  300  yards. 

The  shells  of  the  8-inch  siege  howitzer,  in  consequence  of  their 
great  weight,  and  the  quantity  of  powder  contained  in  them,  2 
lbs.  9  oz.,  are  very  destructive,  either  by  destroying  and  setting 
fire  to  the  enemy's  shelters,  or  by  destroying  his  parapets, 
traverses,  or  6paulments.  In  sea-coast  defenses,  these  &hell6  are 
formidable  against  ships  over  3000  yards  distant.  The  number 
of  effective  splinters  is  from  twenty-eight  to  thirty,  and  when 
filled  with  musket  balls  (486)  (schrapnell),  they  become  still  more 
destructive. 

Schrapnell  6hot  have  only  enough  powder  placed  in  them  to 
rupture  the  case  and  set  the  balls  free.  Consequently,  their  effect 
is  greater  the  greater  the  velocity  they  have  at  the  moment  of 
bursting.    12-pound  schrapnell  are  effective  up  to  800  yards. 

Gbape  and  canister  shot  leave  the  piece  diverging  from  each 
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other,  in  the  form  of  a  cone,  the  greater  part  of  the  balls  being 
in  the  center,  and  the  extreme  ones  separating  about  one  tenth  of 
the  range.  When  fired  at  too  short  a  distance,  the  balls  occupy 
too  email  a  space  to  produce  the  proper  effect;  and  at  too  great  a 
distance  they  diverge  too  much,  and  strike  on  too  extended  a  sur- 
face. Good  results  can  be  obtained  at  from  300  to  600  yards,  but 
the  maximum  effect  is  produced  at  from  400  to  450  yards. 

When  tiring  at  very  short  distances  over  hard,  dry  ground,  a 
suitable  dispersion  of  the  balls  may  be  produced  by  firing  very 
low,  and  allowing  the  balls  to  ricochet. 

The  range  and  effect  of  grape-shot  become  greater,  at  ordinary 
distances,  as  the  size  of  the  balls  is  increased.  For  this  reason, 
the  grape  from  12-pdr.  guns  and  32-pdr.  howitzers,  is  more  effec- 
tive than  that  from  6-pdr.  guns  and  12  or  24  pdr.  howitzers,  and 
the  6-pdr.  grape  is  no  longer  used  in  the  United  States. 

The  tire  of  grape-shot  from  the  mountain  howitzer  is  not  of 
much  effect  over  300  yards. 

If  the  balls  ricochet  over  hard,  dry  ground,  grape-shot  may  be 
effective  up  to  800  yards,  and  the  pointing  is  of  but  little  import- 
ance; but  with  broken  or  soft  ground,  ricocheting  cannot  be 
depended  on,  and  the  angle  of  elevation  should  be  regulated  with 
care. 

Moetae  Shells. — These  shells  are  designed  to  force  the  vaults 
or  magazine  roofs  of  an  enemy,  and  to  set  fire  to  them,  as  also  to 
destroy  his  blindages  and  shelters.  They  act  by  their  explosion 
as  well  as  by  percussion.  They  break  up  the  terre-pleins  and 
ditches,  destroy  the  "pas  de  souris"  and  other  communications, 
and  end  with  making  communication  between  different  parts  of 
the  work  very  difficult. 

As  these  shells  penetrate  to  a  considerable  depth,  their  splin- 
ters do  not  produce  much  execution  if  the  shells  bury  themselves 
in  the  ground  before  bursting,  as  some  of  the  pieces  then  remain 
in  the  ground,  and  the  rest  come  out  at  so  great  an  angle  that 
they  arc  not  dangerous. 

The  advantages  in  mortar-firing  are  on  the  side  of  the  besieg- 
ers. For  the  works  of  the  besieged  present  a  great  mark,  which 
it  is  not  difficult  to  hit;  whilst  the  batteries  and  works  of  the 
besiegers  form  but  narrow  bands  around  the  work,  which  are  difti. 
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cult  to  strike,  especially  as  the  deviations  in  the  direction  of  the 
range  are  much  greater  in  mortars  than  the  lateral  deviations. 

The  greatest  difficulty  in  firing  these  shells  is  to  regulate  the 
charges  properly.  Very  great  differences  are  found  to  exist 
between  ranges  obtained  under  the  same  circumstances,  and  these 
increase  with  the  range,  whilst  the  lateral  deviations  are  much 
less.  Firing  at  a  bastion  or  demi-line  at  600  yards,  scarcely  one 
fifth  of  the  shells  will  fall  into  the  work ;  at  400  yards,  about  one 
third. 

The  best  method  of  firing  these  shells  is  to  direct  the  mortars 
and  place  the  batteries  in  such  a  way,  that  the  shells  will  pass 
over  the  works  fired  at  in  the  direction  of  their  greatest  extent. 

The  8-in.  shell  being  the  same  as  that  used  fur  the  siege  how- 
itzer, gives  from  the  mortar  the  same  number  of  fragments  (30), 
some  of  which  are  thrown  to  600  yards.  The  10  and  13-in.,  in 
consequence  of  their  greater  thickness,  do  not  form  so  many  frag- 
ments. When  firing  against  men,  it  is  best  to  use  small  angles 
of  elevation,  and  8-in.  shells  are  preferable  to  the  larger  cali- 
bers. 

These  shells  will  penetrate  compact  earth  from  15  to  38  inches 
at  600  yards.  The  earth  displaced  is  in  the  same  proportion  as  for 
howitzer  shells,  two  cubic  yards  for  every  two  pounds  of  powder 
contained  in  the  shell.  The  diameter  of  the  top  of  the  hole  made 
is  usually  two  or  three  times  the  depth.  Sometimes  the  largest 
shells  are  broken  by  falling  on  a  stone  pavement.  Good  masonry 
arches,  three  feet  thick,  are  sufficient  to  resist  the  largest  shells 
falling  with  their  maximum  velocity. 

Mortar-firing  at  sea  is  very  uncertain,  but  when  shells  do 
strike  a  vessel,  the  effect  is  terrible.  A  10  or  13-in.  shell  falling 
upon  a  three-decker,  will  sometimes  pass  entirely  through  and 
sink  the  vessel. 

Light  and  fire  balls,  according  to  their  size,  are  fired  from 
mortars  of  corresponding  calibers.  With  a  charge  of  of  its 
weight,  they  are  thrown  from  600  to  700  yards. 

Time  of  Flight. — The  time  of  flight  for  6iege  mortars,  at  an 
elevation  of  45°,  with  ordinary  charges,  is  nearly  equal  to  the 
square  root  of  the  range  in  feet  divided  by  four.  The  experi- 
mental length  of  the  fuze  may  be  given  according  to  this  rule. 
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To  Ascertain  the  Distance  by  the  Report  of  Fire- Arms. — 
Multiply  the  number  of  seconds  which  elapse  between  seeing  the 
flash  and  hearing  the  report  by  1100;  the  product  will  be  nearly 
the  distance  in  feet. 

The  smallest  angle  under  which  siege  mortars  can  be  fired 
without  raising  the  rear  part  of  the  bed,  is  30°. 

The  coehorn  mortar  is  either  fired  from  behind  entrenchments, 
like  other  mortars,  or  it  may  accompany  troops  in  effecting  lodge- 
ments in  towns  and  fortified  places. 

As  the  shell  is  without  ears,  it  should  be  strapped  with  tin, 
having  loops  attached,  through  which  a  cord  is  passed  for  the 
purpose  of  lowering  it  into  the  bore.  The  chamber  being  cylin- 
drical, a  sponge  is  used. 

In  firing  stone  mortars,  the  stones  or  shells  leave  the  piece,  as 
in  firing  grape-shot,  in  the  form  of  a  cone  which  meets  the  ground 
in  a  more  or  less  irregular  section,  from  30  to  50  yards  wide  by 
from  60  to  90  yards  long.  Some  of  the  grenades  fall  near  the 
battery,  but  the  greater  part  are  found  within  a  circle  of  from  20 
to  30  yards  in  diameter.  Each  grenade  bursts  into  12  or  15  frag- 
ments, which  are  effective  within  a  radius  of  10  to  20  yards,  and 
some  even  as  far  as  300  yards. 

Rapidity  of  Firing.— Siege  mortars  can  be  fired  conveniently 
at  the  rate  of  twelve  rounds  an  hour  continuously;  but  they 
may,  in  case  of  need,  be  fired  with  greater  rapidity.  In  general, 
the  rate  of  firing  depends  on  the  caliber  of  the  piece.  A  24-pdr. 
takes  about  double  the  time  to  load  and  fire  it  that  a  12-pdr. 
does. 

For  field  guns,  30  or  40  seconds  are  required  for  the  0-pdr., 
and  one  minute  for  a  12-pdr.  The  mean  rate  is  about  one  shot 
per  minute,  but  when  close  pressed,  and  firing  at  objects  not  difli- 
cult  to  hit,  two  or  three  shots  per  minute  can  be  fired. 

The  firing  of  howitzers  is  always  slower  than  with  guns,  a 
field  howitzer  requiring  1|  minute  to  load  and  fire  it. 

The  mean  rate  of  siege  guns  is  about  8  shots  an  hour,  though 
this  can  be  increased  on  an  emergency  to  12  shots;  and  in  breach- 
ing, as  many  as  20  shots  per  hour  have  been  fired.  But  this 
rapid  firing  is  very  injurious  to  pieces,  especially  bronze  guns, 
which  heat  rapidly,  soften,  and  lose  their  resistance. 
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Rockets  can  be  fired  more  rapidly  than  any  other  kind  of  pro- 
jectile ;  and  if  large  quantities  of  them  are  on  hand,  they  consti- 
tute the  best  means  of  setting  fire  to  towns.  They  are  lired  from 
troughs  or  sheet-iron  tubes,  the  former  being  the  most  rapid  but 
the  least  accurate  means.  The  elevations  are  given  with  a  quad- 
rant, and  the  direction  with  a  plumb-line. 

Recoil.  The  recoil  of  the  carriages  varies  between  very  ex- 
tended limits,  according  to  the  nature  of  the  ground.  Generally, 
howitzers  recoil  more  than  the  corresponding  guns,  and  the  6-pdr. 
recoils  less  than  the  12-pdn  The  24  and  32  pdr.  howitzers  fired 
with  large  charges  sometimes  recoil  10  yards  ;  whilst  under  some 
circumstances  the  6-pdr.  gun  will  recoil  but  1£  or  2  yards.  The 
mountain  howitzer  will  recoil  11  or  12  yards,  but  may  be  limited 
to  4  by  using  a  rope  on  the  wheels. 

When  the  piece  is  on  a  platform,  as  with  siege  pieces,  the 
recoil  is  seldom  more  than  4  yards,  unless  the  platform  is  wet, 
when  it  increases  from  the  reduction  of  friction  on  the  trail. 

The  recoil  on  garrison  carriages  is  very  slight,  as  is  also  the 
case  with  mortar-beds. 

Penetration. — For  the  penetration  of  shot  and  shell,  see  the 
Ordnance  Manual,  p.  368  to  373. 

It  is  remarked  in  firing  leaden  bullets  into  earth  or  water, 
that  they  are  flattened  the  more  as  the  velocity  is  increased.  This 
affects  their  penetration,  so  that  fired  at  a  distance  of  50  yards 
the  penetration  is  greater  than  at  a  distance  of  25  yards.  The 
same  effect  is  noticed,  though  not  to  the  same  extent,  in  firing 
into  other  materials.  Beyond  a  certain  limit,  the  flattening  of 
the  ball  does  not  sensibly  affect  the  penetration. 

Tables  of  Fire. — Tables  of  fire  should  be  considered  simply 
as  a  means  of  limiting  the  number  of  trials  to  be  made  before 
finding  out  the  range  of  a  gun,  and  not  as  giving  accurate  results 
which  will  be  the  same  under  all  circumstances.  The  first  shots 
always  produce  the  greatest  effect  on  an  enemy  ;  and  it  often 
happens  in  battle  that  the  smoke  and  dust  prevent  subsequent 
rectifications  in  the  firing,  unless  a  certain  amount  of  information 
is  possessed  in  regard  to  the  effects  of  the  piece.  In  giving  this 
information,  the  tables  of  fire  are  of  use. 

If,  in  experimental  firing,  great  differences  are  observed 
between  two  successive  shots,  fired  with  the  same  charge,  same 
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powder,  from  the  same  piece,  under  the  same  angle  and  at  well- 
known  distances, — we  should  not  be  surprised  to  find  differences 
between  the  tables  of  fire  and  the  results  obtained  in  the  presence 
of  an  enemy.  These  tables,  then,  give  simply  the  first  term  of  a 
6eries  of  trials,  by  the  aid  of  which  a  skillful  gunner  arrives  at 
accuracy  in  pointing.  This  first  term  is,  however,  often  of  the 
greatest  importance,  since,  by  knowing  it,  a  great  deal  of  time  is 
gained. 

For  these  tables  for  ordnance,  see  Appendix,  pp.  40  to  48 ; 
and  for  the  initial  velocities  and  penetration  of  small-arms,  pp. 
49,  50,  and  51. 

Bkkaciiing. — A  breath  is  an  opening  made  in  the  wall  of  a 
fortified  place,  to  facilitate  the  entrance  of  a  6torming  party. 

In  permanent  works,  the  wall  being  formed  of  masonry,  little 
if  any  part  of  which  is  exposed  to  the  fire  of  artillery  at  any  great 
distance,  it  becomes  necessary  to  establish  breaching  batteries,  for 
the  purpose  of  knocking  it  down.  These  batteries  are  established 
in  the  covered  way,  or  on  the  crest  of  the  glacis,  where  the  guns 
can  be  brought  to  bear  upon  the  wall. 

Before  the  use  of  iron  as  a  material  for  balls,  stone  wa9  used, 
which,  not  being  so  resisting,  broke  against  the  6olid  wall  without 
producing  much  damage;  and  the  wall  had  to  be  knocked  down 
by  commencing  at  the  top,  where  the  least  resistance  was  offered, 
and  continuing  to  fire  down  the  face  until  sufficient  debris  was 
funned  to  make  a  ramp  from  the  bottom  of  the  ditch.  This 
method  was  very  laborious,  and  generally  formed  a  very  steep 
and  often  impracticable  slope. 

The  effect  of  an  iron  ball  upon  masonry  is  noticed  at  page  267, 
Fig.  167.  The  ball,  when  it  strikes,  is  acted  upon  by  the  elasticity 
developed  by  the  shock ;  and  is  sometimes  thrown  back  150  yards, 
so  as  to  be  dangerous  to  those  in  the  battery.  Pieces  of  masonry 
are  also  sometimes  thrown  from  the  wall  50  or  60  yards.  The 
opening  made  and  penetration  depend  upon  the  kind  of  material 
of  which  the  wall  is  made,  and  upon  the  caliber  and  velocity  of 
the  projectiles  used. 

If  the  axis  of  the  piece  is  perpendicular,  or  nearly  so,  to  the 
face  of  the  wall,  no  difficulty  is  experienced  in  making  the  ball 
penetrate ;  but  where  the  ball  strikes  the  wall  at  a  much  smaller 
angle,  it  is  not  so  easily  done.    Against  solid  masonry,  a  ball 
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striking  under  a  less  angle  than  33°,  will  glance  off  without  pro- 
ducing much  effect ;  and  when  no  greater  angle  can  be  obtained, 
the  same  spot  must  be  fired  at  until  a  hole  is  started.  Then 
the  cut  is  made  with  more  ease,  though  with  nothing  like  the 
rapidity  with  which  it  is  effected  when  firing  directly  against  the 
face  of  the  wall. 

The  breaching  batteries  having  been  established,  several  pieces 
in  each,  the  number  depending  upon  their  caliber  and  the  size  of 
the  intended  breach,  the  first  thing  to  do  is  to  make  a  horizontal 
cut  in  the  wall.  The  determination  of  the  proper  position  for  this 
cut  is  a  matter  of  importance,  as  on  it  depends  in  a  great  measnre 
the  practicability  of  the  breach. .  The  ramp  formed  of  the  falling 
masonry  and  earth  diminishes  as  the  height  of  the  cut  is  increased ; 
so  that  if  the  cut  is  made  too  high,  a  part  of  the  scarp  wall  will 
remain  standing  above  it,  and  if  it  cannot  be  ascended  will 
require  a  long  time  to  knock  down. 

If,  on  the  contrary,  the  cut  is  made  too  low,  the  amount  of 
material  for  forming  the  ramp  is  increased,  and  may  mask  the 
openings  first  made  before  the  cut  is  completed. 

Hence,  the  most  suitable  height  is  that  which  will  furnish 
about  sufficient  material  to  reach  the  cut.  This  height  is  deter- 
mined to  be  nearly  equal  to  the  thickness  of  the  wall  at  the  cut. 
This  thickness,  when  not  previously  known,  can  be  deduced  from 
the  dimensions  necessary  to  be  given  to  the  wall  to  resist  the 
pressure  of  the  earth  of  the  rampart  and  parapet. 

A  profile  may  be  constructed,  by  ascertaining  as  near  as  pos- 
sible the  width  of  the  ditch,  that  of  the  covered  way,  the  height 
of  the  scarp,  the  thickness  of  the  parapet,  the  height  of  the  coun- 
ter-scarp, and  crest  of  the  covered  way.  From  this  profile,  the 
position  of  the  cut  is  determined,  so  that  the  resultant  ramp  shall 
have  a  slope  of  45°.  The  height  of  this  cut  should  never  be  less 
than  i  the  height  of  the  scarp.  If  the  ditch  is  a  wet  one,  the  cut 
should  be  made  at  the  water's  edge. 

The  number  of  pieces  in  the  battery,  and  the  length  of  the 
breach  to  be  made,  will  determine  the  field  of  fire  of  each  piece, 
and  the  length  of  cut  to  be  made  by  it. 

The  angle  of  depression  for  each  piece  should  be  determined 
as  near  as  possible  beforehand,  and  when  once  satisfactorily  ob- 
tained, should  be  marked  on  the  elevating  screw. 
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Each  piece  commences  to  fire  on  the  right  or  left  of  its  portion 
of  the  cut,  spacing  its  shot  about  1£  yards  for  24  pds.,  and  1 
yard  for  18  pds.,  the  successive  positions  of  the  trail  and  wheels 
being  marked  on  the  platform.  Returning,  the  piece  is  fired  at 
the  intervals  between  the 
shots  in  the  first  round,  the 
positions  of  the  piece  being 
marked  as  before.  This  fir- 
ing is  continued  back  and 
forth,  firing  at  the  most 
prominent  points  in  the  cut, 
until  it  is  finished,  which  is 
known  to  be  the  case  when 
the  earth  falls  through, 
throughout  its  length.  Fig. 
168. 
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Frequent  inspections  are  made  to  see  that  the  cut  progresses 
uniformly ;  and  if  some  portions  are  formed  more  rapidly  than 
others,  adjacent  pieces  may  be  turned  against  the  slowest  parts. 


The  vertical  cuts,  Fig.  169,  are  made  between  the  horizontal 
cut  and  the  top  of  the  wall.  There  must  be  one  at  each  end  of 
the  breach,  and  intermediate  ones  at  a  distance  apart  of  not  more 
than  10  yards,  and  closer  if  possible,  60  that  no  part  of  the  wall 
ma}'  be  sustained  by  more  than  one  counterfort.  The  number  of 
these  cuts  should  not  exceed  the  number  of  pieces  in  the  battery, 
so  that  each  one  may  be  fired  at  by  at  least  one  piece.  The  firing 
is  commenced  just  above  the  horizontal  cut,  and  continued  up- 
wards, slowly  at  first,  so  as  not  to  encumber  the  cuts  with  the 
falling  material.  The  shots  are  spaced  at  first  about  half  a  yard 
apart,  and  after  that  the  salient  points  fired  at.   The  extreme  cuts 
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should  progress  at  least  as  rapidly  as  the  intermediate  ones,  fo 
that  the  whole  weight  of  the  wall  will  come  upon  the  ends,  and 
assist  in  bringing  it  down.  If  necessary,  the  adjoining  guns  are 
directed  upon  the  extreme  cuts. 

If  the  wall  does  not  fall  by  the  time  the  vertical  cuts  are  fin- 
ished, a  few  volleys  fired  against  the  spaces  between  the  cuts  will 
bring  it  down.  The  firing  is  then  directed  against  the  counter- 
forts, which  are  knocked 


to  pieces.  If  the  earth 
is  still  sustained  by  its 
tenacity,  loaded  shells  are 
fired  into  it.  These,  act- 
ins  like  small  mines,  soon 
bring  down  the  earth  on 
top  of  the  masonry,  and 
form  a  practicable  breach. 
Fig.  170. 

If  time  and  other  circumstances  permit,  these  shells  are  fired 
from  8-inch  howitzers,  which  replace  the  breaching  guns ;  but  if 
this  cannot  be  done,  shells  are  fired  from  the  guns  themselves. 

The  time  necessary  to  make  a  practicable  breach  depends 
upon  the  length  of  it,  the  material  of  which  the  scarp  is  made,  the 
number  and  caliber  of  the  guns,  <fcc.  For  a  breach  20  or  3" 
yards  long,  at  40  yards  from  the  battery,  1,500  shot  of  larire 
caliber  are  required ;  but  when  the  filing  distance  is  greater,  the 
estimate  must  be  larger,  on  account  of  the  less  penetration  and 
accuracy  of  each  shot.  Thus  at  500  to  600  yards,  9000  or  10,WK» 
projectiles,  or  even  more,  may  be  required. 
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CHAPTER  IX. 

FUZES. 

A  Fize  is  the  contrivance  by  which  fire  is  communicated  to 
the  charge  in  a  shell.  It  consists,  essentially,  of  a  highly  inflam- 
mable composition,  inclosed  in  a  wood,  metal,  or  paper  case. 

Wooden. — The  oldest  form  has  a  wooden  case,  and  is  repre- 
sented in  the  annexed  drawing,  Fig.  171.   It  consists  of  a 
conical  plug  of  wood,  of  the  proper  size  for  the  fuze-hole  \m 
of  the  shell  with  which  it  is  to  be  fired.   The  axis  of  this  M 
plug  is  bored  out  cylindrically,  from  the  large  down  to  i'^S 
within  a  short  distance  of  the  small  end,  which  is  left  solid.    E  J 
At  the  large  end  a  cup  is  hollowed  out,  and  the  outside  i3 
of  the  plug  is  divided  into  inches  and  parts,  generally 
tenths,  commencing  at  the  bottom  of  the  cup.  The  cylin-  § 
drical  space  is  filled  with  composition,  pounded  hard,  | 
and  as  regularly  as  possible,  and  the  cup  filled  with  Fg.  1T1. 
mealed  powder,  moistened  with  whisky  or  alcohol.    The  rate  of 
burning  is  determined  by  experiment,  and  marked  on  a  water- 
proof paper-cap,  which  is  tied  over  the  cup.    Knowing  the  time 
any  shell  is  to  occupy  in  its  flight,  the  fuze  is  cut  off*  with  a  saw 
at  the  proper  division,  and  firmly  set  in  the  fuze-hole  with  a  fuze- 
set  and  mallet.    Say  the  fuze  bums  5  "  to  the  inch.    If  a  shell 
is  10  "  in  reaching  the  mark,  two  inches  of  fuze  will  burst  it  as  it 
strikes.    If  it  takes  8  ",  1  in.  and  T6j  will  be  cut  off ;  and  so  on. 

The  great  disadvantage  of  this  fuze  is  its  irregularity,  it 
being  very  difficult  to  pound  the  composition  so  that  equal  lengths 
will  burn  in  equal  times.  So  that  the  shell  will  either  bnrst  too 
soon,  and  a  great  part  of  its  effect  be  lost ;  or  it  will  burst  after 
burying  itself  in  the  ground  ;  when,  from  the  high  angle  at  which 
the  pieces  leave,  they  are  rendered  harmless  to  the  enemy ;  or  the 
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Bhell  will  burst  after  it  passes  the  proper  point.  This  irregularity 
of  burning,  is  common  to  all  fuzes  where  the  composition  is  driven 
in  successive  layers  in  a  column  which  burns  in  the  same  direction. 

Papeb.  The  Paper-Fuze,  Fig.  172,  is  a  better  form,  and 
consists  of  a  conical  paper]  case,  containing  the  composi- 
tion, whose  rate  of  burning  is  6hown  by  the  color  of  the 
case,  as  follows : 

Black  Burns  2"  to  the  inch. 

Bed  "  3"    "  " 

Green  «  4"     «  « 

Yellow  "  5"     «  " 

Each  fuze  is  made  two  inches  long,  and  the  yellow  burns, 
consequently,  10".    For  any  shorter  time,  the  fuze  is  cut 
with  a  sharp  knife.    With  this  fuze,  iB  used  a  fuze-plug, 
Fig.  173,  having  a  conical  opening,  which  is  reamed  out 
to  fit  the  paper-case,  when  the  shell  is  loaded,  and 
the  fuze  is  then  pressed  in  with  the  thumb.  The 
great  advantage  of  this  fuze  is  its  simplicity ;  and 
the  little  trouble  required  to  place  it  in  the  shell, 
which  renders  the  numerous  and  complicated  imple- 
ments formerly  used  in  field  artillery,  such  as  saws, 
fuze-setter  and  extractors,  files,  &c,  unnecessary. 

The  wooden  fuzes  are  still  used  for  very  long  ranges,  as  in  sea 
coast  mortars.  They  are  sometimes  bored  through  at  the  proper 
position,  instead  of  being  sawed.  "Wlien  the  fuze  is  so  long  a*  to 
render  it  likely  that  it  will  reach  the  bottom  of  the  shell,  it  is  cut 
obliquely,  like  a  whistle ;  as  by  cutting  it  perpendicular  to  tic 
axis,  the  whole  base  of  the  wood  might  be  driven  in  contact  with 
the  bottom  of  the  shell,  and  prevent  the  lighted  composition  from 
setting  fire  to  the  bursting-charge. 

Boxer,  Fig.  174.  The  English  have  modified  the  wooden  fuze, 
in  such  a  way  as  is  said  to  render  it  more  regular  and  certain  in  its 
effects. 

The  channel  for  the  composition  is  placed  slightly  on  one  side 
of  the  axis,  and  filled  with  composition,  as  before,  and  two  other 
smaller  channels  are  made  from  the  lower  end,  and  filled  with 
fine  powder.  Along  the  fuze  a  number  of  small  holes  are  bored, 
communicating  with  these  channels;  the  holes  in  one  set  being 
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opposite  to  the  intervals  between  those  in  the  other  set.  These 
holes  are  numbered  from  the  top,  so  as  to  designate  the  distance 
of  each  from  the  top  of  the  column  of  composition.  The  main 
column  communicates  at  the  bottom  with  one  of  the  small  columns ; 
and  the  two  small  ones  communicate  with  each  other  at  the  same 
point.  The  holes  are  bored  at  such  a  distance  apart,  that  planes 
passed  through  the  axes  of  two  consecutive  ones,  perpendicular  to 
the  axis  of  the  fuze,  will  contain  between  them  T\  of  an  inch 
of  composition,  which  takes  about  -fz  of  a  second  to  burn.  The 
height  of  the  column,  exclusive  of  the  priming,  is  one  inch ;  so 
that  the  shell  may  be  exploded  at  ten  different  points  of  its  trajec- 
tory. The  scale-holes  are  closed  with  pipe-clay,  and  numbered ; 
those  on  the  left,  with  even  numbers,  those  on  the  right,  with  odd 
ones,  commencing  with  3 ;  all  painted  red,  and  relieved,  the  first  on 
a  black  ground,  the  second  on  a  white.  The  paint  preserves  the 
wood,  aud  the  different  colors  prevent  mistakes,  by  rendering  the 
figures  more  conspicuous.  The  exact  position  of  the  holes  is  indi- 
cated by  white  or  black  points,  according  to  the  ground. 

The  cup  of  the  fuze  at  the  top  is  primed  with  mealed 
powder  and  quick-match,  and  the  head  of  the  fuze  covered  with 
a  paper  cap,  to  which  is  fixed  a  piece  of  tape  to  uncap  it ;  and 
over  this,  is  placed  a  tin  cap. 

This  fuze,  invented  by  Capt.  Boxer,  is  designed  specially  for 
use  with  a  kind  of  schrapnell,  invented  by  him,  in  which  a  sheet- 
iron  partition  separates  the  powder  from  the  balls,  and  a  copper 
fuze-plug  is  screwed  into  the  eye  to  receive  the  fuze,  which  is  not 
put  in  until  just  before  firing,  like  our  paper-fuze.  The  size  of 
these  fuzes  is  the  same  for  all  calibers  of  schrapnells.  Larger  ones 
have  been  similarly  made,  and  applied  to  mortar  and  other  shell 
firing,  where  a  greater  time  of  flight  is  required. 

To  use  the  fuze,  bore  out  with  a  gimlet  the  hole  correspond- 
ing to  the  distance  at  which  the  shell  is  required  to  burst,  boring, 
not  only  through  the  pipe-clay,  but  through  the  column  of  powder 
and  the  wood,  which  separates  this  from  the  fuze  composition. 
Remove,  also,  in  all  cases,  the  pipe-clay  from  the  hole  marked  2. 

The  fuze  is  now  placed  in  the  plug,  taking  care  to  insert  it  in 
Buch  a  way,  that  the  column  marked  with  the  even  figures  shall 
correspond  with  an  opening  left  in  the  side  of  the  fuze  plug,  by 
means  of  which  fire  passes  in  to  the  charge. 
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The  tin  cap  is  then  removed,  the  paper  one  torn  off,  and  the 
shell  inserted  in  the  piece. 

"When  the  fuze  is  fired,  it  bums  "down  to  the  bored  hole, 
through  which  the  flame  passes  into  the  powder  column,  and 
communicates  through  the  hole  2  with  the  charge  in  the  shell, 
should  it  fail  to  communicate  through  the  hole  bored  out. 

These  fuzes  are  6aid  to  have  given  very  satisfactory  results  in 
experiments ;  but  they  appear  entirely  too  complicated  for  ordi- 
nary use.  The  parts  are  numerous  and  complicated,  requiring 
nice  adjustment  at  the  time  of  using  ;  and  no  reason  is  6een  why 
they  should  burn  any  more  regularly  than  the  paper  fuze ;  whilst 
the  certainty  of  exploding  the  shell  appears  to  be  much  greater 
in  this  last,  which  also  must  be  much  the  cheapest. 

This  fuze  has  been  applied  to  the  ordinary  field  shells,  differ- 
ing only  in  having  a  greater  length,  and  a  more  extended  gradua- 
tion, and  in  not  having  the  two  columns  of  powder  joined  at  the 
base,  each  of  which  transmits  the  flame  directly  to  the  charge. 

The  English  use  with  their  large  mortar  shells,  a  wooden  fuze 
similar  to  ours,  but  differently  graduated.  It  is  divided  into 
intervals,  by  grooves  cut  round  the  case,  each  one  of  which  burns 
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one  second  ;  and  these  arc  further  divided  into  five  parts,  by  holes 
bored  through  the  wood  and  running  in  a  spiral  around  the  fuze. 
These  holes  are  stopped  with  pipe-clay,  which  is  removed  as  in 
the  Boxer  fuze,  with  a  gimlet,  just  before  inserting  the  fuze  in  the 
shell. 

Brass. — In  consequence  of  the  rapid  deterioration  of  wooden 
fuzes  at  sea,  the  English  navy  has  adopted  metal  ones  altogether; 
but  the  French  still  hesitate,  having  found  that  the  metal  is  raised, 
by  the  burning  composition,  to  such  a  temper- 
ature as  to  explode  the  charge  prematurely. 
The  Russians  early  adopted  the  metal,  and 
proved  at  Sinope,  both  the  terrific  power  of  the 
Paixhan  shells,  and  the  good  quality  of  these 
fuzes. 

The  English  fuzes  are  made  of  brass,  Fig.  175, 
and  are  of  three  sizes,  according  to  the  calibers 
with  which  they  are  to  be  used.  The  fuze  screws 
into  the  eye  of  the  shell,  the  projecting  head 
being  covered  with  a  cap  in  which  is  placed  a 
leather  cushion,  pushed  down  by  a  brass-wire 
spring  to  close  the  mouth  of  the  fuze,  and  pre- 
vent the  fuze  dust  from  sifting  into  the  thread 
of  the  cap  screw,  causing  accidental  explosions 
when  the  cap  is  put  on  or  taken  off. 

The  inside  of  the  fuze-case  is  cut  into  a 
number  of  small  transverse  grooves,  which  hold 
the  composition  firmly,  and  also  prevent  the 
flame  from  passing  down  along  the  sides  of  the 
composition. 

Fig.  175  represents  the  smallest  size  of 
these  fuzes.  It  is  1 J  inch  long,  burns  2  seconds, 
and  is  used  for  distances  within  600  yards.  *)*  na. 

The  other  sizes  are  as  follows, — 

No.  1,  4  in.  long,  burns  20  seconds,  used  beyond  1900  yards. 


Pi 

LI 

2,3 


it 


U 


used  between  600  and  700 


yard*. 

The  composition  used  in  No.  1,  is  13  nitre,  4  sulphur,  and  11 
mealed  powder  ;  in  No.  a,  mealed  powder ;  and  in  No.  3,  both  of 
these  are  used. 

On  the  outside  of  these  fuzes  are  graduating  lines ;  and  the 
19 
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column  of  composition  is  shortened  to  suit  intermediate  distances, 
by  boring  out  from  the  lower  end. 

The  cap  is  not  taken  off  until  the  shell  is  placed  in  the  piece; 
and  we  are  warned  not  to  unscrew  the  fuze  itself  at  the  same  time, 
thus  leaving  the  shell  liable  to  explode  in  the  bore  ;  but  this  could 
be  easily  remedied  by  cutting  the  two  screws  in  opposite  directions. 

Skkra  Fuze,  Fig.  176.  This 
fuze  consists  of  a  cast-iron  case, 
A  (with  a  flat  head),  which  is 
screwed  into  the  eye  of  the  shell 
to  receive  the  fuze  proper,  B, 
which  is  made  of  bronze,  and  is 
screwed  into  the  case  when  re- 
quired, having  for  that  purposo 
a  square  head.  The  end  of  the 
iron  fuze-plug  projects  sb'ghtly 
into  the  shell,  and  is  hollowed 
out  and  notched,  in  order  to  re- 
ceive a  priming  to  render  the 
explosion  of  the  charge  more 
certain. 

The  fuze  is  filled  with  meal, 
powder,  compactly  and  regularly 
driven.  It  is  designed  for  use 
with  schrapnell  shot,  and  each 
caliber  has  three  lengths,  corre- 
sponding to  the  three  most  im- 
portant distances,  and  differing 
in  the  time  of  burning,  }  of  a 
second  in  the  12-pounder,  and 
one  second  in  the  24-pd.  (15°), 
so  that  for  the  former  piece,  the  fuzes  would  burn  2",  2  j",  and  3J", 
and  for  the  latter  piece,  2f",  3§',  and  4f ". 

As  the  fuze  is  not  placed  in  its  position  until  just  before  firing, 
the  hole  in  the  fuze- plug  is  kept  closed  with  a  tow  wad,  which 
has  to  be  removed  before  inserting  the  fuze.  This  fuze  is  well 
6poken  of,  and  has  given  satisfactory  results. 

It  is  recommended,  as  an  improvement,  that  the  plug  or  ca*c 
be  made  of  bronze,  instead  of  cast  iron,  to  avoid  the  danger  of 
explosion  when  screwing  the  parts  in  place,  to  say  nothing  of  the 
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liability  of  the  iron  to  nist,  and  render  the  unload- 
ing of  the  shell  difficult. 

This  fuze  has  undergone  6ome  modifications, 
which  are  thought  to  be  improvements  over  the  ori- 
ginal fuze  of  Major  Serra.  The  plug,  Fig.  177,  is 
made  smaller,  with  no  screw  on  its  exterior,  which 
is  instead  made  slightly  conical,  and  is  driven  into 
the  fuze-hole,  like  an  ordinary  wooden  fuze.  Instead 
of  iron,  it  is  made  of  a  mixture  of  tin,  lead,  and  zinc, 
one  part  of  each.  It  can  be  applied  to  any  shell 
without  the  trouble  and  expense  of  cutting  a  screw 
in  the  eye,  consequently  can  be  used  with  the  shells 
already  manufactured,  without  any  change.  It  is 
less  costly  than  that  of  Major  Serra,  and  the  same 
danger  when  inserting  it  docs  not  exist. 

Tire  Belgium  or  Boar- 
mann  Fuzk,  invented  by 
Capt.  Boarmann,  of  the 
Belgian  army,  js  a  great 
improvement  on  the  old  fuze,  and  by 
far  the  best  and  most  regular  of  anv 
now  in  use.  The  essential  improve- 
ment consists  in  applying  the  compo- 
sition pressure  on  the  rids,  and  burn- 
ing it  from  the  end,  which  does  away 
with  the  irregularitv  resulting  from 
driving  and  burning  in  layers. 

The  fuze-case  is  made  of  metal  (a 
composition  of  lead  and  tin),  and 
consists,  Fig.  178,  first,  of  a  short 
cylinder,  having  at  one  end  a  horse- 
shoe-shaped indentation,  one  end  only 
of  which  communicates  with  the  mag- 
azine of  the  fuze  placed  in  the  center- 
This  horse-shoe  indentation  extends 
nearly  to  the  other  end  of  the  cylinder, 
a  thin  layer  of  the  metal  only  interven- 
ing. This  is  graduated  on  the  outside 
into  equal  parts,  representing  seconds 
and  quarter  seconds,  as  represented  in  Fig.  179.   In  the  bottom 
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of  this  channel  a  smooth  layer  of  the  composition  is  placed,  with 
a  piece  of  wick  or  yarn  underneath  it.  On  this  is  placed  the 
piece  of  metal  represented  in  Fig.  ISO,  the  cross-section  of  it 
being  wedge-6haped ;  and  this  is  by  machinery  pressed  down 
upon  the  composition,  sealing  it  hermetically.  The  cylindrical 
opening  represented  at  a,  Fig.  ITS,  is  filled  with  fine  powder, 
and  covered  with  a  sheet  of  tin,  which  is  soldered  in  its  place 
closing  the  magazine  from  the  external  air. 

Before  using  the  fuze,  several  holes 
are  punched  through  this  sheet  of  tin,  to 
allow  the  flame  to  escape  into  the  shell. 
On  the  6ide  of  the  fuze  the  thread  of  a 
screw  is  cut  which  fits  into  one  cut  on  the 
inside  of  the  fuze-hole,  and  the  fuze  is 
screwed  into  the  shell  with  a  wrench,  the 
projecting  part  of  which  fits  into  the  in- 
dentation at  b,  Fig.  179. 

The  thin  layer  of  metal  over  the  com- 
position is  cut  away  with  a  gougje  or 
chisel  of  any  kind,  at  the  interval  marked  fig.  is*, 

with  the  number  of  seconds  which  we  wish  the  fuze  to  bum. 

The  metal  of  this  fuze  being  soft,  there  is  danger  of  its  being 
driven  into  the  shell  by  the  explosive  force  of  the  charge.  To 
prevent  this,  a  circular  piece  of  iron,  of  a  less  dia- 
meter than  the  fuze,  with  a  hole  through  its  cen- 
ter, and  the  thread  of  a  screw  on  the  outside, 
Fig.  181,  is  screwed  into  the  fuze-hole  before  the 
fuze  is  placed  in. 

The  regularity  and  certainty  of  this  fuze  are 
very  great ;  and  its  use  has,  so  far,  been  princi-  ML 
pally  confined  to  light  artillery  in  firing  shells,  and  particularly 
schrapnell,  in  which  these  two  requisites  are  so  essential;  but  it 
has  been  applied  to  larger  ordnance,  with  every  promise  of  com- 
plete success. 

One  of  the  most  important  advantages  of  this  fuze  is,  the  fact 
that  the  shells  can  be  loaded,  all  ready  for  use,  and  remain  so  any 
length  of  time,  perfectly  safe  from  explosion  ;  as  the  fuze  can  be 
screwed  into  its  place,  and  the  composition  never  exposed  to  ex- 
ternal fire  until  the  metal  is  cut  through.    The  only  operation, 
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then,  to  be  performed  under  fire,  is  to  gouge  through  the  metal 
at  the  proper  point,  which  may  be  done  with  any  kind  of  a  chisel, 
knife,  or  other  instrument.  It  would  he  well,  however,  to  exam- 
ine some  of  the  fuzes,  to  see  that  care  has  been  taken  to  punch 
holes  through  the  plate  of  tin  which  covers  the  magazine,  as  the 
powder  contained  in  it  might  not  be  sufficient  to  blow  this 
cover  off. 

This  admirable  fuze,  which  the  Belgians  have  been  experiment- 
ing with  and  improving  for  the  last  twenty  years,  isnow  acknowl- 
edged by  all  to  be  the  most  perfect  of  its  kind  extant.  It  has 
been  subjected  to  all  kinds  of  trials,  and  failed  in  none  ;  and  this 
can  be  said  of  no  other  fuze  yet  invented. 

In  1852,  they  were  submitted  to  a  series  of  experiments  in 
France,  during  which  a  number  of  schrapnells,  with  the  fuzes 
not  cut  for  bursting,  were  fired  and  afterwards  .recovered,  and 
again*  fired  with  the  fuzes  properly  cut.    The  results  demon- 
.  strated  that  the  fuzes  resist  completely  all  the  shock  which  the 
projectile  receives,  either  when  in  the  bore  or  when  ricocheting 
on  the  ground,  without  injury  and  without  detaching  itself  from 
the  shell.    In  order  to  demonstrate  this  fact  more  clearly,  several 
shots  were  fired  with  a  rolling  jire,  without  cutting  the  fuzes,  and 
the  same  fuzes  were  fired  over  again  after  duly  regulating  them, 
giving  the  most  satisfactory  results. 

Tli is  fuze,  however,  did  not  hold  undisputed  the  first  place 
among  fuzes  in  Europe;  by  far  its  must  prominent  rival  being 
one  invented  by  Capt.  Splingard,  of  the  Belgian  army.  Whether 
the  former  has  lost  anything  by  the  comparison,  after  receiving 
*«  the  baptism  of  the  field  of  battle,"  I  have  not,  at  present,  the 
means  of  ascertaining.    In  this  country,  the  Boannann  fuze  is 
the  only  one  of  the  two  in  use,  and  the  other  almost  entirely 
unknown. 

Ha  den  Fuze,  Fig.  182.  The  Boarmann  fuze  lias  undergone 
=creral  modifications,  one  of  the  best  of  which  was  made  in 
Bad en. 

The  metal,  form  of  the  parts,  ifcc,  are  the  same  as  in  the  Boar- 
'larm  fuze,  with  the  addition  of  a  bronze  stud  and  plate,  used  to 
•  >nfine  a  piece  of  quick-match  in  the  recess  6ho\vn  at  Fig. 

and    two  pieces  of  common  cartridge-paper,  cut  in  the 
roper  shajte  to  fit  the  horseshoe-shaped  opening,  one  of  which 
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goes  above,  the  other  below,  the  charge  of  composition,  to  prevent 
it,  when  burning,  from  melting  the  metal  above  and  below  it. 

The  graduated  scale  is  more 
extended  than  in  Boarman's,  the 
numbers  expressing,  instead  of 
seconds,  the  bursting  distances  in 
hundreds  of  paces  of  29£  inches 
in  length  (0»75). 

The  charge-cover  is  cast  in  a 
mould;  the  plate  to  cover  the 
priming  is  cut  out  with  scissors, 
and  the  paper  is  stamped  or  cut 
out  with  a  stamp  or  punch. 

The  vent  leading  from  the 
composition-channel  to  the  maga- 
zine is  closed,  to  prevent  the 
entrance  of  composition  when 
pressure  is  applied. 

One  of  the  pieces  of  paper  is 
now  laid  in  the  bottom  of  the 
channel,  and  on  it  is  placed 
evenly  a  layer  of  mealed  pow- 
der, weighing  exactly  (3.29grm.) 
(51  grains  Troy),  on  top  of  this,  the  second  piece  of  paper,  and  then 
the  charge-cover,  which  is  pressed  down  to  its  place  by  machinery, 
having  on  its  under  surface  the  dies  to  impress  the  figures  of  the 
graduating  scale,  on  the  metal.  The  amount  of  pressure  exerted 
is  about  5000  lbs. ;  which  forces  the  top  of  the  charge-cover 
slightly  below  the  surface  of  the  fuze,  forming  thus  a  shallow 
annular  hollow,  in  which  is  poured  some  of  the  melted  metallic 
mixture,  but  at  as  low  a  temperature  as  possible,  in  order  that  the 
heat  of  this  solder  may  not  act  on  the  sulphur  in  the  fuze.  When 
cool,  the  fuze  is  placed  in  a  turning  lathe,  dressed  off  smooth,  and 
any  irregularities  in  the  thread  of  the  screw  corrected.  The  vent 
is  then  unstopped,  the  magazine  filled  with  fine  powder,  the  cover 
placed  on,  fastened,  and  pierced. 

The  fuze  should  bum  5$  seconds ;  and  to  test  it,  it  is  tried  with 
a  chronometer.  The  fuzes  are  the  same  for  the  three  field-pieces, — 
6-pd.,  12-pd.,  and  24-pd.  howitzer  (15*) ;  but  the  scale  of  gradua- 
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tion  differs  for  each  one,  and  is  based  upon  the  velocity  of  the 
projectile  at  different  points  of  its  trajectory ;  so  that  the  maximum 
distance  of  fire  for  the  6chrapnells  with  which  this  fuze  is 
designed  to  be  used,  is  fixed  at 

1700  paces,  (1393  yards),  for  the  6  pounder. 

1800    "      (1475    "   ),  "  "12  " 

1400  "  (1147  "  ),  "  "  24  «  howitzer  (15«). 
This  fuze,  like  the  original  Boarmann,  was  designed  for  use 
with  schrapnell  shot,  and  is  always  used  with  what  the  French 
call  an  obturateur  or  stopper,  which  is  made  usually  of  wrought 
iron.  The  eye  of  the  shell  is  divided  into  two  parts,  the  largest 
on  the  exterior,  and  called  the  eye  proper,  and  the  contracted 
portion,  next  to  the  interior,  called  the  table.  Into  this  latter  the 
stopper  is  screwed,  and  serves,  with  the  offset  between  the  two 
(which  it  would  appear  more  appropriate  to  call  the  table),  to 
prevent  the  6oft  metal  of  the  fuze  from  being  driven  into  the 
shell  by  the  force  of  the  charge.  The  stopper  is  perforated 
through  the  center,  to  allow  the  passage  of  the  flame  into  the 
charge. 

The  stopper  serves  another  purpose.  In  preparing  the  schrap- 
nell the  balls  are  placed  in,  and  melted  sulphur  is  usually  poured 
in  around  a  stick,  to  keep  the  balls  in  position.  When  it  hardens, 
a  chamber  remains  for  the  powder.  After  this  operation,  as  it  is 
not  desirable  to  place  the  fuze  in  position  until  the  shell  is  fastened 
to  its  sabot  and  all  prepared  for  use,  the  stopper  is  screwed  into 
its  position,  to  protect  the  inside.  To  prevent  its  rusting  it  is 
covered  with  a  coat  of  varnish,  composed  of  one  part  asphaltum 
and  one  of  oil  of  turpentine ;  and  after  this  is  dry  the  screw  is  oiled 
to  make  it  work  easy.  Before  screwing  the  fuze  into  its  place, 
the  hole  in  the  stopper  should  be  filled  with  powder. 

The  height  of  the  fuze  and  depth  of  the  large  part  of  the  eye 
are  equal,  so  that  the  fuze,  when  in  its  place,  does  not  project 
beyond  the  surface  of  the  shell.  The  fuze  being  in  position,  a 
strand  of  quick-match  is  fastened  in  the  priming-chamber  (£,  Fig. 
179),  bent  in  two  under  the  stud,  and  folded  back  on  itself  on  top 
of  the  stud.  The  chamber  is  then  closed,  by  setting  in  its  place, 
with  a  punch,  the  primer-cover. 

Hie  joint  between  the  fuze  and  the  shell  is  hermetically 
closed,  with  a  mixture  of  six  parts  of  powdered  chalk  and  one  of 
black-lead  and  linseed  oil. 
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The  fuze  is  further  protected  by  a  circular  piece  of  paper,  the 
fringed  edge  of  which  is  pasted  down  ;  and  on  it  is  marked  the 
date  of  fabrication  of  the  fuze. 

To  regulate  the  fuze  to  any  particular  distance,  the  shell  is 
rested  against  the  nave  of  a  wheel ;  and  with  a  gouge,  after  tearing 
off  the  paper-cap,  the  priming-chamber  is  opened,  and  the  metal 
cut  through  to  the  composition  at  the  desired  point  on  the  scale. 
The  gouge  is  now  placed  against  the  exposed  composition,  per- 
pendicular to  the  face  of  the  fuze,  and  a  hole  made,  in  which  one 
end  of  the  strand  of  quick-match  is  inserted. 

When  the  piece  is  discharged,  the  quick-match  takes  fire, 
transmits  the  flames  to  the  composition  which  burns  in  both  di- 
rections from  the  cut.  In  one  direction  only,  however,  can  it 
communicate  with  the  magazine  of  the  fuze.  In  the  other  direc- 
tion it  burns  till  the  composition  is  consumed. 

Objections  are  raised  against  the  stopper  used  with  this  kind  of 
fuze,  as  follows.  It  complicates  the  manufacture  of  the  projectiles ; 
the  rusting  of  it  interferes  very  much  with  the  prompt  loading  of 
shells  which  have  remained  in  store  for  any  length  of  time ;  and 
the  screwing  and  unscrewing  of  it  when  the  shell  i3  loaded,  is 
very  dangerous ;  it  is  stated  that  explosions  have  occurred  even 
in  screwing  and  unscrewing  the  bronze  cap  with  the  English 
naval  fuze.  The  stopper,  however,  has  the  advantages  of  insur- 
ing the  bursting  of  the  shell  with  a  small  charge ;  of  protecting 
the  fuze  against  the  shocks  and  friction  of  the  balls  ;  and  of  pre- 
venting the  balls  from  knocking  off  the  magazine  cover  and 
thereby  preventing  explosions. 

It  is  deemed  by  some  an  objection  to  this  fuze,  that  it  cannot 
be  primed  until  after  it  is  fixed  to  the  shell ;  but  this  objection  is 
of  but  little  importance,  since  it  is  found  that  the  composition 
when  laid  bare  properly,  takes  fire  without  the  assistance  of  the 
quick-match. 

The  weak  point  of  all  these  Bo  arm  an  n  fuzes  is  the  difficulty  of 
regulating  them  exactly  and  promptly  on  the  field  of  battle,  in  a 
dense  cloud  of  smoke,  and  especially  at  night;  and  although,  when 
the  tools  and  trouble  required  with  the  old  fuze  are  remembered, 
this  objection  appears  of  little  moment  when  compared  with  the 
many  advantages  of  the  fuze,  it  assumes  a  greater  importance  in 
view  of  the  fact  that  a  remedy  can  be,  and  has  been,  found  for 
even  this  defect,  in  the  ingenious  invention  of  Captain  Brcithaupt, 
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of  the  Austrian  service.  This  fuze  will  first  be  described,  and 
then  the  application  of  its  principle  to  the  Boarniann  fuze. 

Bkkithauit  FrzE,  Fig.  183. — This  fuze,  called  by  its  inventor, 
the  Field-artillery  Fuze,  because  he  designed  it  for  all  kinds  of 
shells  used  with  field  artillerv, 
resembles  in  its  (general  ap- 
pearance the  Boarmann  fuze,  and 
and  is  made  of  a  mixture  of  tin 
and  lead. 

The  bodv  of  it  is  formed  like 
that  of  the  Boarmann ;  but  the 
outside  lias  no  screw,  and  it  is 
placed  in  the  eve  of  the  shell  bv  1SS 
means  of  a  projection  from  the  bottom,  which  is  threaded,  and 
which  screws  into  a  corresponding  aperture  at  the  bottom  of  the 
eye. 

The  composition  is  laid  in  exactly  the  same  kind  of  a  channel, 
which  communicates  with  the 
magazine  in  a  somewhat  differ- 
ent way  from  the  Boarmann  fuze, 
as  is  shown  in  the  section,  Fig. 
184. 

On  the  top  of  the  part  A,  two 
mortises  are  placed,  in  which  the 
prongs  of  the  screw-driver  fit 
when  screwing  or  unscrewing  the 
fuze  from  the  shell.    In  the  cen- 
ter of  this  part  also  is  a  socket,  with  the  thread 
of  a  screw  to  receive  the  end  of  the  j>re**ure  t 
scrnt,  which  is  represented  in  Fig.  185,  and  is 
made  of  iron. 

The  stopper  and  regulating  disk,  Fig.  180,  is 
cast  of  the  same  kind  of  metal  as  the  fuze,  and  n,  i^. 
has,  through  iu  center,  a  cylindrical  hole  for  the  passage  of 
the  pressure  screw.  A  small  priming  chamber  in  the  form  of  a 
hopper,  is  placed  at  the  side,  one  of  the  lateral  projections  of 
which,  marked  with  a  red  line,  serves  as  an  index  to  regulate  it. 
A  small  projection  on  its  surface  gives  a  hold  to  the  finger,  to 
turn  the  disk  on  its  axis,  in  order  to  bring  the  index  opposite  the 
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Vertical  Projection. 


required  point  on  the  scale  of 
the  fuze.  A  piece  of  pliable 
leather  or  skin,  a  b,  is  pasted 
on  the  under  surface  of  this 
disk,  in  order  to  insure  con- 
tact throughout,  and  preserve 
the  composition  from  moisture. 
The  composition  is  pressed  in- 
to its  position  by  machinery. 
It  is  meal-powder  for  schrap- 
nell  fuzes,  but  ordinary  fuze 
composition  for  the  fuzes  of 
other  shells.  In  the  first  case 
the  fuze  burns  7*,  in  the  sec- 
ond 14*. 

The  regulating  scale,  Fig. 
187,  is  a  rondelle  of  white  paper 
pasted  on  the  outside  upper 
edge  of  the  fuze.   It  is  made 
like  a  dial,  with  strokes,  half 
strokes,  and  quarter  strokes, 
radiating   from   the  center, 
corresponding  to  intervals  in 
the  combustion  equal  to  1*, 
V,  i",  and  i\    Upon  larger 
fuzes,  as  those  used  for  mor- 
tars and  large  howitzers,  the 
scale  can  easily  bo  carried  to 
tV-    The  rondelles  arc  cut 
with  a  stamp-iron  or  punch. 
Care  must  be  taken  in  past- 
ing the  scale  on  to  make  the 
zero  of  it  coincide  with  the 
edge  of  the  solid  part  where  the  magazine  vent  debouches  into 
the  composition  channel. 

The  priming  consists  of  a  small  strand  of  quick-match,  bent 
double,  with  the  bend  fixed  in  the  priming  chamber  by  means  of 
a  paste  of  meal-powder.  The  ends  are  free,  so  that  when  the  pri- 
ming is  uncapped,  the  ends  project  outside  the  little,  hopper- 
shaped  chamber. 


Section  on  ef. 
Fig.  194 

TOP.ViEW.  FINISHED  FUZE. 
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The  priining-cap  is  a  small,  circular-sided  trapezoid  of  gold- 
beaters' skin,  which  is  pasted  over  the  priming  chamber  by  its 
four  edges  to  protect  the  priming,  as  well  as  the  fuze-composition, 
from  dampness. 

A  rondelle  of  soft  leather,  d,  Fig.  184,  is  cut  out  and  fitted 
on  the  bottom  of  the  fuze  around  the  bottom  stem,  as  a  packing 
to  the  joint  between  the  shell  and  fuze. 

The  magazine,  and  vent  leading  to  the  fuze  composition,  are 
filled  with  fine  powder,  and  the  bottom  closed  with  a  thin  sheet 
of  lead,  kept  in  its  place  by  four  notches,  a  coat  of  varnish 
being  given  to  the  outside  to  keep  out  moisture. 

Mounting  the  Fuze. — Unscrew  the  pressure-screw,  and  take 
off  the  disk.  Screw  the  fuze  carefully  into  its  place  until  it  will 
go  no  farther,  when  the  upper  edge  of  the  fuze  will  be  even  with 
the  edge  of  the  fuze-hole.  The  disk  and  pressure-6crew  are  now 
replaced,  and  the  latter  screwed  home,  and  kept  so,  in  order  to 
protect  perfectly  the  composition. 

To  Guaoe  the  Fuze  for  Firino. — The  shell  is  placed  upon 
the  knees,  the  cannoneer  squatting  down  for  the  purpose,  and  the 
proper  division  on  the  scale  having  been  indicated,  he  takes  the 
key  of  the  pressure-screw,  which  fits  on  its  head,  in  his  right 
hand,  and  putting  it  on,  turns  the  screw  a  quarter  or  half  turn  at 
most.  Then,  by  means  of  the  notch  on  the  disk  he  turns  this  till 
the  red  line  comes  in  front  of  the  proper  division  of  the  scale, 
turns  the  pressure-screw  down  again  as  tight  as  possible,  and 
tears  off  the  priming  cap. 

Advantages. — The  projectile  is  transported,  and  comes  upon 
the  field,  ready  for  use.  The  guaging  requires  the  exercise  of  no 
strength,  and  presents  no  more  difficulty  than  that  of  the  hausse, 
as  in  both  cases  the  operation  consists  in  6imply  fixing  a  slide,  by 
means  of  a  screw,  at  any  desired  point ;  and  men  can  be  taught 
in  a  few  weeks  to  regulate  the  fuze  in  eight  or  ten  seconds. 

The  only  instrument  needed  to  regulate  and  fix  or  unfix  the 
fuze,  is  a  key  arranged  like  a  tap-wrench.  A  priming-wire,  nail, 
or  any  pointed  piece  of  metal,  could  be  made  to  supply  the  place 
of  the  key,  by  making  a  hole  through  the  head  of  the  pressure- 
screw. 

In  case  of  a  change  in  the  range  being  required,  the  fuze  is 
not  destroyed  by  being  regulated  once,  and  the  guaging  can  be 
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corrected,  changed  during  the  firing,  or  the  cannoneers  be  exer- 
cised with  the  fuze  without  any  additional  cost ;  which  is  the  case 
with  the  forms  of  the  Boarraan  fuze  only  when  the  first  cut  made 
is  for  a  greater  range  than  is  subsequently  required. 

In  the  majority  of  cases  these  schrapnells  can  be  fired  with 
quite  as  much  rapidity  as  solid  shot.  And  the  ammunition  boxes 
may  be  packed  in  such  a  way  as  to  stow,  in  certain  parts,  a  certain 
number  of  shells  regulated  in  advance,  and  corresponding  to  the 
different  distances  at  which  this  kind  of  projectile  is  usually  fired. 
Chalk-marks,  which  can  be  effaced  or  changed  at  pleasure,  will 
suffice  to  prevent  all  mistakes.  This  is  the  only  fuze  which 
possesses  this  great  advantage ;  and  the  efficiency  of  all  kinds  of 
shells  is  very  much  increased  thereby. 

The  ease  with  which  the  fuze  is  at  all  times  fixed  and  unfixed, 
enables  the  supply  of  loaded  hollow  projectiles  to  be  made  only 
when  they  are  required  for  service  in  the  field  ;  and  the  necessity 
will  not  exist  to  keep  them  for  an  indefinite  period  already  loaded 
in  the  magazines.  The  charges  of  all  kinds  of  shells  can  be 
removed  or  modified  at  any  time,  without  danger  and  at  short 
notice. 

This  fuze,  like  all  others,  is  not  devoid  of  defects.  In  guaging 
it,  the  pressure  screw  may  not  be  screwed  down  so  tight  as  to 
prevent  the  flame  from  running  along  the  top  surface  of  the  compo- 
sition ;  and  although  in  experimental  firing  the  index  may  be  ex- 
actly placed  opposite  the  proper  point  of  the  scale,  it  is  by  no  means 
certain  that  the  same  accuracy  will  be  attained  on  the  field  of 
battle,  in  the  heat  and  excitement  of  a  contest. 

It  may  be  that  the  leather  packing  will  lose  its  pliability  with 
time,  and  no  longer  protect  the  composition  from  moisture.  This 
could  be  avoided  by  using  vulcanized  india-rubber. 

It  is  thought  that  it  would  be  an  improvement  to  engrave  the 
scale  upon  the  metal  itself  instead  of  placing  it  on  a  strip  of  paper, 
which  in  service  is  liable  to  be  worn  or  torn  off,  or  the  graduation 
made  illegible. 

Application  of  the  BRErrnAUPT  Principle  to  the  Baden 
Fuze. — The  Breithaupt  fuze  having  been  invented  after  the  Boar- 
mann  and  Baden  fuzes  had  been  extensively  adopted  by  different 
nations,  a  great  objection  against  its  adoption  was  the  extensive 
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changes  required  in  the  eyes  of  the  shells  already  manufactured. 
To  obviate  this  difficulty,  it  is  proposed  to  transform  the  Baden 
into  the  Breithaupt  fuze,  by  means  of  some  slight  changes,  which 
will  not  affect  the  form  or  exterior  dimensions,  nor  its  scale  or 
composition  channel. 

By  comparing  the  fuze  thus  transformed,  Fig.  188,  with  the 
Breithaupt  fuze,  it  will  be  found  that  whereas  in  the  last  the 
guaging  scale  is  fixed  to  the  body  of  the  fuze  and  the  index  to  the 
movable  disk,  the  regulating  of  the  fuze  being  effected  by  turning 
the  latter  around  until  the  index  is  brought  opposite  to  the  proper 
point  on  the  scale,  in  the  transformed  fuze  directly  the  reverse  is 
the  case ;  the  index  being  on  the  body  of  the  fuze,  the  scale  on 
the  disk,  and  the  guaging  done  by  bringing  the  desired  point  of 
the  scale  opposite  the  index.  This  index  is  formed  by  making  a 
cut  with  a  tine  saw  in  the  edge  of  the  fuze  metal,  and  filling  it 
with  a  mixture  of  strong  paste  and  red  paint. 

In  making  this  transformed  fuze,  the  body  of  it  should  be  cast 
in  such  a  way  that  the  height  of  the  composition  channel  should 
be  at  least  double  what  it  is  when  the  fuze  is  finished,  the  excess 
of  metal  being  turned  off.  The  double  height  of  the  channel 
might  be  replaced  by  an  auxiliary  channel  for  charging,  made  in 
a  steel  disk,  fixed  over  the  other  channel  by  means  of  a  pin  in  the 
central  hole  made  for  the  pressure  screw. 

The  solid  part  of  the  fuze  comprised  between  the  two  ends  of 
the  eomjM>6ition,  should  be  of  the  same  length  as  one  of  the  divi- 
sions on  the  scale. 

When  the  composition  has  been  compressed  in  its  place,  its 
cross-section  should  be  as  near  as  possible  square. 

The  vent  between  the  composition  and  magazine  should  enter 
the  former  on  the  left  of  the  solid  part  of  the  metal. 

The  index  should  correspond  with  the  right  edge  of  the  solid 
part. 

The  scale  should  be  numbered  from  left  to  right,  like  the  face 
of  a  watch ;  and  the  right  edge  of  the  priming  chamber  should 
coincide  with  the  left  limit  of  the  first  division  of  the  scale. 

To  avoid  error,  a  small  mark,  in  relief,  like  the  figures  of  the 
scale,  is  placed  diagonally  in  the  right  exterior  angle  of  each 
division,  to  indicate  the  point  which  must  be  placed  opposite  the 
index. 
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It  is  stated  that  this  fuze  will  neither  be  dearer,  nor  more 
difficult  to  make,  than  the  Baden.  The  seat  of  the  graduating  disk 
has  to  be  cut  in  the  lathe,  and  the  disk  itself  stamped  in  a  die. 

To  preserve  the  fuze  better  when  attached  to  the  shell,  it  is 
recommended  to  place  over  it  a  cap  made  of  canvas,  imperv  ious 
to  water,  which  is  pasted  around  the  edge  of  the  eye,  and  has 
sewed  to  it  a  piece  of  cord,  by  which  to  tear  it  off  before  the  fuze 
is  used. 

This,  like  the  Breithaupt  fuze,  can  be  used  with  the  schrapnell 
and  all  other  shells  in  field  service ;  and  by  making  them  of  a 
larger  diameter,  or  decreasing  the  rate  of  burning  of  the  composi- 
tion, they  can  be  equally  well  used  with  shells  of  a  larger  caliber. 

Such  is  the  proposition  made  in  Delobel's  Keview  for  1857, 
making  the  old  system  of  schrapnell  conform  to  Capt.  Breithaupt's 
system,  without  making  any  change  in  the  eye  of  the  shell. 

For  those  which  are  still  in  the  magazines  convenient  to  the 
arsenals  of  constructions,  it  appears  to  me  that  the  simplest  way 
would  be  to  make  the  form  and  dimensions  of  the  eye  conform  to 
those  of  the  new  fuze :  as,  from  appearance,  a  very  little  cutting 
would  make  the  table  of  the  eye  large  enough  to  receive  the  lower 
part  of  the  Breithaupt  fuze  ;  and  the  upper  part  would  not  require 
much  reaming  out  to  make  that  of  the  proper  size  for  the  body  of 
the  fuze  ;  and  no  stopper  would  be  required. 
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Such  is  the  Boarmann  fuze,  with  its  latest  improvement,  for 
which  a  universal  adoption  is  predicted.  It  has  added  immeasur- 
ably to  the  importance  and  efficiency  of  the  inventions  of  Generals 
Schrapnell  and  Paixhan ;  for  without  a  good  system  of  fuzes, 
schrapnell  shot  and  paixhan  guns  may  well  be  called  "  bodies 
without  souls." 

Of  these  several  forms  of  the  Boarmann  fuze,  the  original  is  the 
only  one  which  has,  as  yet,  made  its  appearance  in  this  country. 

Splixgakd  Fczk. — Reference  has  been  made  to  the  fuze 
invented  by  Capt.  Splingard,  as  a  prominent  rival,  in  excellence, 
of  the  Boarmann  fuzes. 

Thi*  fuze,  invented  in  1&46,  was  declared  in  1849,  bv  the  cele- 
brated  Capt.  de  Brettes,  to  fulfill  better  than  any  one  then  known 
the  conditions  required  in  a  fuze  for  schrapnell.  At  that  time, 
however,  the  Boarmann  fuze,  although  it  had  been  invented 
a  number  of  years,  was  not  known  out  of  Belgium,  being  long 
kept  as  a  state  secret  The  Boarmann,  and  e»]>ecially  the  Brei- 
thaupt  modification  of  it,  6tands  now  at  the  head  of  a  long  list  of 
ingenious  inventions,  as  the  best  fuze  in  existence. 

It  has  long  been  recognized  as  a  fact,  that  the  fuze  composi- 
tion, driven  in  a  wooden  or  metallic  case,  tightly  fitting  the  eye 
of  the  shell,  is  liable  to  many  injuries  from  shocks  in  and  out  of 
the  bore,  by  which  the  composition  is  broken  and  cracked  in  such 
a  way  as  to  give  passage  to  the  flame  and  cause  premature 
explosions. 

Various  were  the  means  adopted  to  overcome  this  difficulty, 
and,  among  others,  may  be  mentioned  the  cutting  the  in-ide  of 
the  case  into  grooves  like  a  screw,  and  afterwards  in  the  form  of 
rings  not  communicating  with  each  other,  as  the  screw-shape  was 
found  sometimes,  after  the  wood  had  shrunk,  not  to  fulfill  the 
object. 

Such  a  defect  was  more  especially  noticed  in  schrapnell  shot, 
the  thin  6ides  and  short  bearing  surface  for  the  fuze  in  them, 
causing  the  shocks  to  be  more  forcibly  transmitted  to  the  com- 
position. 

Capt.  Splingard,  by  his  invention,  which  has  met  with  the 
most  complete  success,  has  succeeded  in  isolating  the  composition 
in  such  a  way  as  to  protect  it  completely  from  the  injurious 
effects  of  these  shocks. 
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The  fuze,  Fig.  189,  consists  of  two  parts.    The  fuze^ 
properly  so  called,  and  ihcf  uze-phtg. 

The  first  is  a  small  cylindrical  tube  of  hammered 
copper,  the  upper  end  of  which  swells  out  so  as  to  form 
a  kind  of  cup  to  hold  the  priming,  and  prevent  the  case 
from  being  driven  into  the  shell  when  the  piece  is  fired. 
This  tube  is  filled  with  composition  in  the  usual  way,  a 
conical  opening  one-tenth  of  an  inch  high  being  left  in 
the  bottom  in  order,  when  the  flame  reaches  that  point, 
that  a  larger  surface  may  be  ignited,  thus  rendering  more 
certain  the  explosion  of  the  shell.  The  cup  is  primed  with 
mealed  powder  moistened  in  alcohol,  and  a  piece  of  quick- 
match  ;  and  both  that  end  and  the  other  one  are  closed 
with  rondelles  of  paper.  The  whole  fuze  is  covered  with 
a  varnish  into  which  glaring  coloring  matter  has  been 
mixed,  in  order  that  the  fuzes  may  be  easily  distinguished 
apart,  different  compositions  or  lengths  being  used  for  the 
different  distances. 

Tubes  of  tin  with  the  edges  soldered  together,  may  be 
used  instead  of  copper. 

Fuze-plug,  Fig.  190.— The  fuze-plug  is  made  of  wood,  and  fits 
the  fuze-hole.  The  opening  in  the  fuze-plug 
is  in  two  parts;  the  upper,  conical  in 
shape,  widening  downwards.  The  other 
cylindrical,  and  only  a  little  greater  in 
diameter  than  the  copper  fuze,  and  much 
less  than  the  upper  part  of  the  opening. 
The  upper  part  is  fitted  with  a  cork  hav- 
ing an  opening  just  large  enough  to  allow 
the  entrance  of  the  fuze. 

The  fuze-plug  is  only  a  little  longer 
than  the  fuze  corresponding  to  the  longest  *** 
distance.  On  the  exterior  of  the  upper  part,  a  number  of  grooves 
are  cut  around  the  fuze-plug  to  keep  it  in  the  eye  of  the  shell,  by 
placing  around  it  a  piece  of  leather,  which,  on  its  lower  part,  is 
pasted  to  the  fuze-plug.  To  increase  the  elasticity  of  the  upper 
part  of  the  fuze-plug,  four  cuts  longitudinal,  are  made  with  a  saw 
nearly  as  far  down  as  the  bottom  of  the  cork. 

The  lower  end  of  the  fuze-plug  is  crossed,  perpendicular  to  its 
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axis,  by  a  semi-cylindrical  groove,  designed  to  prevent  the  balls 
in  the  shells  from  obstructing  the  outlet  of  the  fuze.  The 
opening  in  the  plug  is  stopped  with  a  wooden  plug  until  just 
before  tiring,  when  it  is  replaced  by  the  fuze. 

Four  or  five  fuzes  of  different  lengths  and  of  different  colors, 
suffice  for  service  with  a  12-pdr.  at  all  distances. 

Ai>va>*tagks. — The  advantages  claimed  for  this  system,  are : 
its  simplicity  and  certainty  for  field  service;  its  allowing  the  use 
of  a  small  fuze-plug,  and  consequently,  fuze-hole,  the  size  of  which 
may  be  the  same  for  all  shells.  The  decrease  in  the  size  of  the 
fuze-hole,  makes  the  shell  stronger,  and  by  offering  greater  resis- 
tance to  the  force  of  the  powder,  increases  the  number  of  pieces 
when  it  bursts.  The  exterior  surface  of  the  projectiles  is  more 
uniform,  as  is  also  the  mode  of  manufacturing  them. 

The  fuze  is  small  in  volume,  and,  consequently,  easily  pre- 
served ;  its  manufacture  is  simple  and  cheap.  Its  use  causes  no 
danger  in  loading  and  unloading  projectiles,  nor  any  in  trans- 
porting them,  as  the  fuze  is  isolated. 

The  similarity  between  this  system  and  the  paper  fuzes 
adopted  in  the  United  States'  service,  will  be  at  once  seen  ;  though 
we  have  gone  one  step  farther,  and,  making  the  fuze-tube  of 
paper,  shown  that  a  conical  form,  fitting  in  a  conical  opening  in 
the  fuze-plug,  renders  superfluous  the  use  of  the  cork  heading  to 
isolate  the  composition  from  the  effect  of  the  shocks  of  the 
projectile. 

A  great  improvement  in  our  paper  fuzes  would  be  made  by 
discarding  the  use  of  colors  to  designate  their  rate  of  burning, 
having  them  of  a  uniform  color,  and  marked  with  a  contrasting 
color,  with  rings  corresponding  in  number  with  the  number  of 
seconds  which  the  fuze  burns ;  or,  what  would  be  better,  instead 
of  rings,  stripes,  running  the  length  of  the  fuze.  Sometimes, 
when  firing  at  short  distances,  the  fuzes  are  cut  in  two  or  three 
parts,  and  used  on  subsequent  occasions  ;  so  that  were  rings  used, 
the  designation  of  the  fuze  might  be  lost.  Using  different  colors, 
arbitrarily,  to  designate  the  rate  of  burning,  requires  an  effort  of 
the  memory  to  recollect  the  method,  whilst  the  stripes  or  rings  tell, 
at  a  glance,  the  rate  of  burning  of  the  fuze. 

Fuzes  on  exactly  the  6ame  principle,  and  some  of  them  copied 
from  the  Splingard,  have  been  adopted  in  several  of  the  European 
20 
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armies,  among  the  rest  those  of  Bavaria,  Norway,  Sweden,  and 
the  Netherlands. 

In  the  Norwegian  system,  the  fuze-case  is  made  of  paper. 

instead  of  copper. 

United  States  Sea-Coast  Fuze. — In  the  United  States,  a 
bronze  fuze-plug  has  been  adopted  for  use  with  heavy  shells,  in- 
stead of  the  wooden  one.  It,  however,  fits  the  eye  in  the  same 
way,  and  is  retained  by  friction. 

It  having  been  found  that  ricochets,  more  especially  over 
water,  were  very  apt  to  extinguish  these  fuzes,  a  safety-cap  and 
primer  combined,  have  been  adopted  in  the 
navy,  and  found  to  succeed  very  well.  Fig. 
191.  A  recess  in  the  top  is  filled  with  priming 
composition  and  covered,  until  the  fuze  is  re- 
quired for  use,  with  a  leaden  disk  which  fits 
accurately  the  opening.  A  crooked  passage 
filled  with  the  priming  conveys  the  fire  to  the 
fuze-composition  beneath,  and  prevents  water 
from  being  forced  in,  at  least  in  sufficient 
quantity  to  extinguish  the  fuze. 

Another  modification  adds  to  the  security 
of  the  fuze,  and  removes  one  great  objection 
to  the  use  and  storage  of  loaded  shells  on  ship- 
board. This  consists  of  a  small  leaden  plug, 
A,  Fig.  191,  which  fits  the  interior  end  of  the 
fuze-plug,  and  remains  there  until  the  shell  is 
fired,  when  the  shock  of  the  explosion  forces 
it  out  by  blowing  the  less  dense  shell  away  *  Fi«.  m. 
from  it,  exactly  as  it  is  6tated  a  recent  powder-explosion  in  the 
streets  of  Wilmington,  Del.,  blew  the  horses  away  from  the  shoes 
on  their  feet.  No  shock  less  than  that  from  a  charge  of  powder 
is  sufficient  to  produce  this  result,  so  that  even  were  the  shell 
dropped  from  a  considerable  height  on  the  end  of  the  diameter 
opposite  to  the  fuze-hole,  the  plug  would  not  leave  its  position. 
Or  if,  by  any  accident,  the  leaden  disk  of  the  primer  should  be 
displaced,  and  the  fuze  take  fire,  the  shell  would  not  explode.  In 
view  of  the  increased  danger  on  board  ship,  and  the  terrible  acci- 
dents which  have  happened  from  shells,  this  improvement  is  a 
most  important  one.    By  means  of  it  the  shells  can  be  loaded,  the 
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fazes  6et,  and  nothing  remain  to  be  done  except  to  remove  the 
leaden  disk  of  the  primer  when  the  shell  is  placed  in  the  gun. 
The  importance  of  the  safety -primer  is  6een  when  it  is  stated  that 
four  out  of  five  fuzes  are  extinguished  by  ricocheting  on  the  water. 

The  best  method  of  filling  these  fuzes  is  by  machinery,  as,  no 
matter  how  skillful  the  workman,  it  is  not  to  be  expected  that  he 
can  U6e  exactly  the  same  amount  of  force  at  each  blow,  and  with- 
out this  the  composition  is  not  uniformly  compressed,  and  cannot 
burn  equal  lengths  in  equal  spaces  of  time.  , 

In  the  navy,  a  machine  for  the  purpose  has  been  in  use  since 
1846.  It  consists  of  a  driving  shaft,  moving  vertically  through 
a  wrought-iron  tube,  which  has  on  the  exterior  a  6trong  square 
thread.  On  this  works  a  nut  by  means  of  a  disk  attached  to  it  of 
sufficient  diameter  to  create  the  requisite  power,  and  on  the 
upper  side  of  the  disk  a  6et  of  levers  is  placed. 

The  paper  cases  are  placed  in  steel  moulds,  which  fit  so  exactly 
the  exterior  of  the  cases  as  to  support  them  against  the  pressure 
applied  to  the  composition.  Two  or  more  of  these  moulds  are 
placed  on  the  edge  of  the  circular  plate  on  the  lower  part  of  the 
frame,  which  revolves  so  as  to  bring  the  moulds  in  succession 
under  the  driving  shaft. 

A  ladle  full  of  the  composition  is  poured  in  the  case,  and  the 
drift  (which  is  of  the  same  size  as  the  mandril  on  which  the  cases 
are  made)  placed  in  position.  The  plate  is  then  revolved  around 
until  the  drift  is  brought  under  the  driving  shaft,  the  exact  posi- 
tion being  determined  by  a  spring  catch,  which  works  into  a 
notch  in  the  edge  of  the  plate. 

The  disk  being  given  a  quick  whirl  by  the  handles,  the  shaft 
descends  and  the  pressure  is  continued  until  the  sound  of  a  bell 
gives  notice  that  the  lever  has  risen,  and  the  action  of  the  ma- 
chine ceased.  The  motion  of  the  disk  is  then  reversed,  raising 
the  shaft  sufficiently  to  aljow  the  plate  to  be  revolved,  and 
another  case,  already  filled  with  composition,  brought  into  posi- 
tion under  the  shaft.  This  operation  is  continued  until  the  col- 
umn of  compressed  composition  is  rather  longer  than  required, 
when  the  fuzes  are  removed  from  the  mould,  and  placed  in  others 
of  the  exact  length,  the  projecting  portions  being  cut  off  with  a 
sharp  knife. 
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The  power  applied  is  usually  2200  lbs.  The  composition  is 
doubled  in  density,  and  becomes  very  hard  and  firm. 

The  usual  charge  of  composition  is  not  more  than  sufficient  to 
make,  when  compressed,  a  column  equal  in  height  to  the  diameter 
of  the  fuze  channel,  and  more  uniformity  is  obtained  by  u*ing  a 
less  height  than  this. 

French  Scurapnell  Fuze.— The  French  who,  6trange  to  say, 
appear  to  have  paid  less  attention  to  the  perfecting  of  sehrapnell 
$hot  than  many  other  nations,  have  not  in  consequence  much  of 
a  variety  of  perfected  fuzes.  The  good  use  made  by  the  French 
troops  in  the  affair  of  Traktir  with  this  projectile, 
seems  to  have  been  the  cause  of  more  attention  being 
directed  to  these  important  projectiles  and  their  fuzes. 

The  fuze  made  use  of  is  represented  in  Fig.  192, 
and  is  made  of  hard  wood,  having  three  channels 
parallel  to  its  axis.  These  are  filled  to  different 
heights  with  composition,  corresponding  thus  to 
three  different  bursting  distances.  Each  of  these 
channels  is  provided  with  a  tin  tube  in  which  the 
composition  is  placed. 

The  longest  channel  is  always  left  open.  The  other  two  are 
closed  with  a  covering  of  leather,  over  which  is  placed,  for  the 
shortest  columns,  a  disk  of  rose-colored  paper,  for  the  other,  one 
of  blue.  On  these  paper  coverings  are  marked  the  distances  at 
which  the  columns  will  cause  explosion.  These  distauces  are 
also  placed  on  the  face  of  the  fuze  near  the  top  of  the  chan- 
nels. 

The  fuze  is  capped  with  a  rondelle  of  fringed  paper,  over 
which  is  placed  a  plain  rondelle  of  parchment  with  a  piece 
of  tape  attached,  by  means  of  which  the  fuze  is  uncapped. 

The  proper  channel  is  opened,  and  should  a  mibtake  be  made, 
and  the  wrong  one  opened,  it  is  only  necessary  to  moisten  the 
leather  and  replace  it,  opening  the  right  one. 

The  composition  in  the  three  channels  burn  in  1J'',  2 J",  and 
3f. 

It  is  proposed  to  modify  this  fuze  by  adding  a  fourth  column* 
intended  to  burst  the  shell  at  only  250  yards'  distance ;  but  at  this 
abort  distance  canister  shot  will  do  quite  a&  well,  if  not  better, 
than  schrapnell. 
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This  fuze  possesses  one  important  advantage.  It  may  be  regu- 
lated very  promptly  by  men  who  do  not  know  how  to  read.  It 
might  even  be  done  in  the  dark  by  replacing  the  different 
colored  paper  disks  by  knots  or  beads  fixed  to  the  priming 
cord. 

Russian  Fizk. — This  fuze  consists  of  a  fuze-plug  made  of  a 
mixture  of  lead  and  tin,  conical  in  shape,  the  head  of  which 
projects  beyond  the  external  surface  of  the  shell,  and  of  a  paper 
fuze,  filled  with  fine  powder  rammed  hard,  which  is  introduced 
into  the  fuze-plug  just  before  firing. 

There  are  two  sets  of  these  fuzes,  and  three  lengths  in  each, 
which  bum — 

In  the  first  set,  2f ",  4",  and  5". 
"     second,  3£'',  U" ,  and  5h  '. 

These  were  the  fuzes  used  bv  the  Russians  in  the  Crimea, 
since  which  a  new  system  has  been  adopted,  in  which  the  fuze- 
plug  is  made  of  papier  maeh£,  and  the  fuze-tube  of  lead. 

The  number  of  fuzes  is  increased  from  three  to  five,  and  cut 
fur  intermediate  distances,  with  a  kind  of  scissors  csjKfially 
adapted  to  the  puq>ose. 

The  plug  is  cast  in  moulds,  and  has  at  the  top  of  the  opening  • 
a  cup  in  which  the  head  of  the  fuze,  similarly  formed,  fits.  To 
fix  the  plug  in  the  smooth  eye  of  the  shell,  the  upper  part  of  it 
is  wrapped  with  hemp  soaked  in  liquid  paste,  and  it  is  then  driven 
into  the  eye.  A  bronze  fuze-hammer  is  made  use  of  to  force  the 
fuze  to  the  bottom  of  the  fuze-plug,  the  opening  in  which  is 
stopped  with  tow,  until  the  fuze  is  needed  for  use. 

Ohjiction*. — The  principal  objection  to  these  Russian  fuzes 
is,  the  fact  that  on  the  field  of  battle  it  is  necessary  before 
using  them  to  choose,  regulate,  cut,  and  fix  them  in  the  projec- 
tile, which  objection  is  so  much  the  more  important  in  view  of  the 
great  improvements  in  range,  accuracy,  and  rapidity  of  firing 
recently  made  in  small  arms. 

The  preceding  are  the  principal  fuzes  which,  up  to  this  time, 
have  been  experimented  upon  and  adopted  by  different  services. 
They  are  all  called  time  fuzes,  because  the  explosion  of  the  shells 
with  which  they  are  used  takes  place  after  a  certain  lapfe  of  time, 
depending  on  the  length  of  the  fusing  column.  The  time  which 
is  required  to  consume  a  certain  length  of  column  is  determined 
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by  experiment  beforehand,  and  the  fuze  timed  before  being  used, 
by  appropriating  a  certain  number  of  these  lengths  to  a  6heli 
which  requires  a  corresponding  space  of  time  to  move  from  the 
piece  to  the  point  where  it  is  required  to  burst. 

Concussion  Fczks. — Many  and  various  attempts  have  been 
made  to  construct  fuzes  which,  from  the  shock  of  a  shell  when 
striking,  will  communicate  fire  to  the  charge  and  explode  it. 

A  concussion  fuze  may  be  defined  to  be  one  which,  taking  fire 
like  an  ordinary  fuze,  when  the  gun  is  fired,  continues  to  burn 
until  the  striking  of  the  shell,  when  the  shock,  by  producing  some 
change  in  the  condition  of  the  fuze,  transmits  fire  to  the  charge. 

Such  a  fuze,  in  order  to  be  serviceable,  must  not  only  produce 
explosion  on  striking,  but  it  must  not  produce  it  from  the  shock 
of  the  explosion  of  the  gun-charge,  nor  of  that  produced  by  the 
ricochets  of  the  projectile  in  or  out  of  the  gun. 

These  fuzes  have  usually  consisted  of  some  combination  of  the 
highly  explosive  fulminates.  But  the  extreme  danger  of  using 
these,  and  the  fearful  accidents  which  they  are  liable  to  cause, 
have  been  great  obstacles  to  their  adoption. 

The  definition  for  a  concussion  fuze,  as  given  above,  is  not 
without  its  objections;  as  undoubtedly  the  name  is  just  as  applic- 
able to  any  other  arrangement,  not  including  a  burning  fuze, 
which  6ets  fire  to  the  charge  on  striking.  The  distinction  is  made 
for  the  sake  of  convenience ;  and  only  such  as  are  described  by 
the  definition  will  be  included  under  the  head  of  concussion  fuzes. 

The  attempts  made  to  construct  these  fuzes  date  from  a  very 
early  period ;  and  probably  many  of  these  attempts,  although 
partially  successful,  never  became  known,  on  account  of  the  very 
geueral  disposition  to  keep  secret  such  inventions,  in  order  that 
the  authors  of  them  might  derive  all  the  benefits  resulting  from 
their  discoveries. 

As  early  as  the  year  1G37,  mention  is  made  of  shells  which 
took  fire  on  striking  the  ground  ;  and  at  various  periods  since 
that  time  such  shells  have  been  experimented  upon, — many  act- 
ing on  the  principle  of  having  the  part  near  the  fuze-hole  made 
heaviest,  in  order  to  strike  the  ground  first.  If  it  were  possible 
to  carry  out  this  principle  witli  any  sort  of  certainty,  the  whule 
problem  of  concussion,  or  rather  that  of  percussion,  fuzes  become* 
solved.   The  moment,  then,  that  the  principles  of  the  rifie  are 
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applied  to  large  guns,  so  as  to  project  elongated  cannon-balla 
point  foremost,  aa  undoubtedly  they  will  be  6ooncr  or  later,  the 
means  of  exploding  sheila  on  striking,  or  at  a  very  short  time 
after  striking,  become  as  simple  as  those  used  to  fire  off  a  musket. 

It  is  not  necessary  to  describe  all  the  different  attempts  made 
to  attain  the  desired  object.  Many  of  them  proved  successful,  so 
far  as  the  arrangement  of  the  fuze  was  concerned*.  That  is,  the 
shells  exploded  when  they  happened  to  strike  in  a  certain  way ; 
but  the  great  difficulty  still  existed  of  compelling  them  to  strike 
in  that  way. 

In  1S45  or  1846,  Holland  purchased,  from  the  Duke  of  Nor- 
mandy, the  secret  of  a  percussion  projectile,  which  is  said  to 
have  succeeded  very  well ;  but  the  construction  of  which  has 
never  transpired,  having  been  entrusted  under  oath  to  only  two 
or  three  officers  of  that  country.  It  is,  however,  known  to  be 
of  an  extremely  costly  and  complicated  mechanism,  that  fulmin- 
ating powder  is  used  in  its  construction,  and  that  it  can  be  used 
only  at  very  short  distances.  So  that  probably  at  this  time,  when 
the  Splingard  concussion-fuze  is  known,  the  secret  can  be  of  but 
little  importance. 

In  this  country,  an  ingenious  contrivance  has  been  suggested 
and  experimented  upon  for  some  years,  though  it  is  believed 
with  no  very  decided  success.  It  consists  of  a  bronze  fuze- 
plug,  solid  at  the  outer  end,  and  having  in  the  body  a  square 
apartment,  from  which  a  vent  leads  into  the  interior  of  the 
shell.  The  sides  of  this  little  chamber  are  lined  with  a  coating 
of  percussion-powder,  with  the  exception  of  the  parts  in  the 
angles,  and  a  small  portion  of  each  of  the  faces  which  are 
perpendicular  to  the  axis  of  the  fuze-plug.  In  the  face  far- 
thest from  the  head  of  the  plug,  a  small  threaded  hole  is  placed, 
for  the  purpose  of  holding  in  position  a  little  metal  ball,  with  a 
threaded  stem  attached.  This  stem  is  screwed  into  the  hole,  the 
inner  end  of  the  plug  being  movable,  for  the  adjustment ;  the 
shell  is  attached  to  a  sabot,  with  the  fuze  to  the  rear.  When  the 
shell  is  fired,  the  little  ball  breaks  loose  by  the  shock,  strikes 
against  the  oppo^te  face,  where  there  is  no  fulminate,  and  drops 
into  the  lowest  part  of  the  chamber  of  the  fuze,  where  it  rolls 
about  until  the  shell  strikes,  when  the  concussion  between  it  and 
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the  fulminating  powder  produces  the  explosion.  It  is  presumed 
the  percussion  ball  is  made  of  bronze,  or  6ome  other  metal  more 
dense  than  that  of  the  shell. 

This  fuze  is  open  to  the  objections  of  all  fuzes  in  which  per- 
cussion powder  is  used.  It  requires  great  nicety  of  adjustment  to 
insure  the  breaking  loose  of  the  ball  from  its  stem  ;  and  if  this  last 
is  too  small,  the  ball  may  break  from  its  position  whilst  the  shell 
is  being  handled,  and  produce  serious  accidents. 

Several  of  these  fuzes  succeeded  admirably,  but  no  definitely 
reliable  results  were  obtained,  and  I  have  not  heard  that  any  sub- 
sequent trials  have  been  more  successful. 

Both  these  last  mentioned  fuzes  would  be,  under  the  defini- 
tion given,  not  concussion,  but  percussion  fuzes ;  but  thev  are 
mentioned  here  merely  in  giving  a  history  of  the  different  inven- 
tions for  making  shells  explode  on  striking. 

Prussian  Fuze. — From  1841  to  1S4T,  numerous  experiment! 
were  made  in  Prussia  upon  a  concussion  fuze  invented  in  that 
country,  on  an  entirely  different  princi- 
ple from  any  yet  mentioned  ;  and  al- 
though the  success  obtained  with  it  has 
not  been  such  as  would  warrant  a  verv 
strong  recommendation  in  its  favor,  a 
description  of  it  may  not  be  entirely  un- 
productive of  benefit. 

The  fuze,  Fig.  103,  consists  of  three 
different  parts. 

1.  The  body  of  the  fuze,  or  fuze-case, 
which  holds  the  other  parts,  and  is 
screwed  into  the  eye  of  the  shell,  the  top 
being  flush  with  the  outer  surface.  This 
part  has  been  constructed  of  both  metal 
(bronze  and  cast  iron)  and  wood.  The 
interior  is  divided  into  two  parts,  both 
cylindrical,  and  with  the  same  axis. 
The  one  next  the  outside  of  the  shell  is 
much  the  largest  in  diameter.  This  ease 
was  made  the  same  size  for  all  calibers, 
but  that  part  destined  for  the  reception  rt*  ivn 
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of  the  fuze-composition,  is  longer  for  fuzes  which  are  to  be  fired 
with  small  charges  than  for  those  with  which  largo  charges  are  to 
be  used. 

2.  The  percussion  apparatus  consists  of  a  small  glass  tube, 
hermetically  closed  at  both  ends,  partly  filled  with  concen- 
trated sulphuric  acid,  and  wrapped  with  cotton  thread  soaked  in 
a  composition  composed  of — 

70  parts,  by  weight,  of  chlorate  of  potassa, 

10       "  "       flowers  of  sulphur, 

20      "  "       white  sugar,  pulverized,  6ifted,  and 

moistened  with  alcohol. 

This  covering  is  put  on  of  such  a  thickness  that  the  tube  can 
juht  be  inserted  in  a  paper  case  which  serves  it  as  an  envelope, 
and  which  fits  partly  into  the  smaller  opening  in  the  fuze-case, 
and  partly  into  the  thimble-shaped  breaker  of  lead,  which  is  in- 
serted over  it  in  the  large  part  of  the  opening,  and  which  is  rep- 
resented in  Fig.  194. 

3d.  The  composition  column.  The  explosive  appa- 
ratus being  in  position,  there  remains  between  the  thim- 
ble and  the  sides  of  the  fuze-ease  a  vacant  space,  which 
is  filled  with  compressed  meal-powder  filled  in  by  means 
of  a  hollow  drift,  the  interior  diameter  of  which  is  a»littlc 
greater  than  the  diameter  of  the  thimble.  When  the  ng  iw. 
composition  reaches  the  top  of  the  thimble,  uncompressed  mealed 
jKjwder  is  filled  in  to  the  top  of  the  case. 

Should  the  firing  take  place  under  such  short  ranges  as  to  run 
the  risk  of  not  consuming  all  the  composition  by  the  time  the 
shell  strikes,  the  time  of  combustion  is  shortened  by  piercing  the 
composition  with  a  small  auger,  in  a  direction  parallel  to  the  side 
of  the  thimble,  and  to  the  depth  deemed  necessary ;  or  the  rate 
of  burning  of  the  composition  may  be  increased  for  short  ranges, 
by  mixing  with  it  1£  per  cent,  of  pulverized  charcoal. 

On  being  fired,  the  thimble  or  breaker  being  supported  by  the 
composition  around  it,  is  not  disturbed.  But  as  this  takes  fire 
like  an  ordinary  fuze,  and  burns  down  to  the  bottom  of  the 
breaker,  it  leaves  this  unsupported  ;  and  if  the  composition  is  all 
consumed  when  the  shell  strikes,  the  shock  overthrows  the 
breaker,  rupturing  the  glass  tube,  setting  free  the  sulphuric  acid, 
and  exploding  the  shell. 
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The  same  objections  may  be  urged  against  this  as  against  all 
those  in  which  fulminating  powder  is  used.  It  is  of  delicate 
construction  and  very  dangerous,  at  least  appears  so  to  any  one 
not  experienced  in  its  use,  whilst  the  experiments  made  with  it 
are  far  from  demonstrating  its  success.  Those  made  with  a  24-]  >d. 
mortar,  fired  with  a  charge  of  4  lbs.  of  powder,  and  an  elevation 
of  15°  over  a  sandy  plain,  resulted  as  follows, — 

65  exploded  at  the  1st  point  of  fall 
7       "       in  the  bore,  or  in  leaving  it 
In  100  shots  fired.  ^      C       "       at  the  2d  point  of  fall,  or  beyond  that 

26  did  not  burst,  although  the  explosive  apparatus  acted. 
7  did  not  burst  from  the  failure  of  the  apparatus  to  act 

or  about  60  per  cent,  succeeded,  including  the  explosions  at  the 
2d  point  of  fall. 

With  a  short  24-pd.  gun,  and  a  charge  of  2£  lbs.  at  400  paces, 
fired  against  a  target  fonned  of  skids  C  square,  the  result  was  as 
follows, — 

.      „    ,  )     14  exploded  on  striking  the  target 

Of  100  shots  fired,  V     a-  •  tU  i  •    i     •  •* 

)      86  in  the  bore,  or  in  leaving  it 

With  a  11-inch  shell  gun,  15  lbs.  of  powder,  and  at  an  eleva- 
tion of  1°  and  2°,  without  a  target,  and  using  two  variety  of  fuzes, 
numbered  1  and  2,  the  fuze-case  in  the  last  being  made  of  elm, 
the  result  of  100  shots  was  that 

21  succeeded,  and  >        {fh  y  { 

.     79  failed.  \ 

and 

70  succeeded,  and  )     whh  Nq  ,  fuw 

80  failed,  f 

With  a  10-inch  shell  gun,  8  lbs.  of  powder,  under  1°  and  93 
elevation,  out  of  100  shots  fired  with  No.  2  fuze, 

93  succeeded, 
7  failed. 

With  large  howitzers,  charges  of  10  lbs.  and  5  lbs.  under  from 
1£°  to  13°  of  elevation,  and  with  fuze  No.  1  made  of  beech  and 
acacia  wood  :  The  beech  case  gave,  out  of  100  shots. 

44  successful,  and 
56  failures. 

The  acacia  case  gave, 
20  successful,  and 
80  failures. 
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These  experiments  go  to  show  that  the  best  material  for  the 
fuze  case  is  beech- wood,  and  the  worst,  cast  iron. 

Sciionstedt  Fuze.  In  1852  Capt.  Schonstedt,  of  Holland, 
invented  a  fuze  very  similar  in  its  action  to  the  Prussian,  but  had 
the  advantage  of  acting  both  as  an  ordinary  fuze  and  as  an 
explosive  one,  and  in  having  neither  fulminating  powder  nor 
sulphuric  acid  in  its  construction.  The  principal  points  of  differ- 
ence between  the  two,  will  be  readily  seen  by  inspecting  figure  195. 

The  case  is  made  of  a  mixture  of  lead  and 
tin,  and  the  bottom  part  of  it  is  made  thick 
enough  to  allow  the  cutting  of  a  side-channel, 
which  enters  the  central  one  near  its  end. 

The  breaker  is  similar  to  the  one  in  the 
Prussian  fuze. 

A  tube  of  glass,  open  at  both  ends,  and 
wrapped  so  as  to  fit,  as  in  the  Prussian  fuze, 
takes  the  place  of  the  closed  tube. 

The  side-channel  is  filled  with  ordinary 
fuze-composition,  and  the  space  around  the 
thimble  with  a  composition  which  burns  out 
in  2". 

The  glass  tube  is  filled  with  fine  powder, 
and  a  strand  of  quick-match,  the  lower  end 
of  which  last,  is  inserted  in  the  mouth  of  the 
side-channel,  where  it  enters  the  central  one. 

When  the  shell  is  fired  the  quick  compo- 
sition takes  fire,  and  being  consumed  in  2", 
sets  fire  to  that  in  the  side-channel,  at  the 
same  time  that  it  leaves  the  breaker  unsup- 
ported. Tli is  upsets  by  the  shock  of  striking, 
and  the  flame  in  the  side-channel  communi- 
cating with  the  powder  and  quick-match  in 
the  broken  glass  tube,  explodes  the  shell. 
In  case  the  explosive  apparatus  does  not  act, 
the  shell  acts  like  one  with  a  time  fuze,  and 
explodes  when  the  side-channel  composition  burns  out. 

Trials  made  with  this  fuze  in  a  long  24-pd  howitzer,  gave  the 
following  results,  out  of  31  shots,  fired  at  a  distance  of  800  and 
700  paces: 
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12  shells  burst  at  the  1st  point  of  fall. 
5       «       "       "  2d       "  " 
2       «       "       "  3d       u  " 
1       «       »       «  4th      "  " 
11  did  not  burst  at  all,  the  fuzes  being  extinguished  by  the 
sand  over  which  they  ricocheted. 

Although  this  fuze  has  the  advantage  of  dispensing  with  the 
dangerous  contrivance  in  the  Prussian  fuze,  the  results  obtained 
are  not  as  satisfactory  as  those  with  the  latter,  and  are  not  of 
such  a  nature  as  would  recommend  it  as  a  reliable  concussion 
fuze. 

Snoeck  Fuze,  Fig.  196.  We  come  now 
to  a  fuze  of  an  entirely  different  construc- 
tion from  any  yet  described.  It  is  the 
invention  of  Capt.  Snoeck,  of  the  Nether- 
land  Artillery,  and  was  tried  in  Holland, 
in  1854. 

Its  construction  is  based  upon  the 
property  which  cast  zinc  possesses,  of 
being  hard  and  tenacious  at  ordinarv 
temperatures,  but  very  brittle  when  heated 
to  from  160°  to  200°  Reauraer,  (417°  to 
482  F).  Hence,  a  zinc  fuze  might  resist, 
when  cold,  the  shocks  of  the  charge,  and 
balloting  in  the  bore  ;  but  when  heated 
sufficiently  by  the  burning  composition, 
would  break  from  the  shock  of  the  falling 
projectile,  and  communicate  fire  to  the 
charge. 

The  fuze  consists  of  a  short  wooden 
fuze-plug,  fitted  in  the  interior  with  a  cork  collar,  through  which 
the  fuze  passes ;  and  the  fuze  proper,  which  consists  of  a  zinc 
tube  of  a  truncated  conical  form,  having  at  the  top  a  projecting 
band,  which  secures  the  tube  in  its  position,  and  at  the  bottom 
a  solid  part,  which,  by  its  weight,  assists  in  breaking  the  tube 
when  the  shell  strikes.  This  tube  is  filled  with  ordinary  fuze 
composition. 

This  fuze  is  constructed  on  a  principle  very  similar  to  the 
Spliugard,  but  its  success  has  been  much  less  satisfactory. 


Fig.  196. 
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The  trials  were  made  with  a  24-pd.  bronze  gun,  with  a  charge 
of  2  lbs.  of  powder  (1  kil.). 

Some  of  the  fuze-plugs  were  made  of  palm-wood,  and  others 
of  beech.  The  cork  collar,  the  object  of  which  is  to  insure 
the  complete  closing  of  the  fuze-plug,  was  about  T'r  in.  thick. 

Three  kinds  of  fuzes  were  used,  differing  only  in  the  thick- 
ness of  the  sides  and  the  form  of  the  projecting  ring  at  the 
top. 

No.  1.  No.  2.  No.  5. 

in.        in.  in.        m.  in.  m. 

Thtcknew,  0.07874  =  0.002  0.09842=0.0025  0.11811=0.008 

Ring,    Cylindrical,  0.0U2  thick.     Conical  CouicaL 

That  part  of  the  fuze  touching  the  fuze-plug  is  made  rough,  to 
increase  adhesion. 

The  lower  half  of  the  composition  was  firmly  packed,  as  in 
ordinary  fuzes ;  but  the  upper  half,  only  sufficiently  so  to  keep  it 
from  becoming  detached  by  the  discharge  of  the  gun  or  the  rico- 
chets in  the  bore.  The  upper  half,  burning  rapidly,  should  raise 
the  temperature  of  the  zinc  to  the  required  point  in  a  second, 
whilst  the  lower  half,  burning  slowly,  should  retain  the  fire  to 
explode  the  shell  when,  by  its  striking,  the  tube  is  ruptured. 
The  usual  priming  of  mealed  powder  and  quick-match  was 
used. 

Six  unloaded  shells  were  first  fired,  to  see  if  the  tubes  resisted 
the  charge  of  the  gun  and  were  not  broken  by  the  ricochets  in 
the  bore  or  on  the  ground.    Of  these — 

2  were  forced  into  the  projectiles  and  broken  to  pieces. 

3  succeeded  completely,  and 
1  did  not  take  fire. 

Twelve  shells  were  then  fired  loaded  with  small  charges,  and 
the  fuze  No.  1,  to  sec  if  the  tubes  broke  at  the  fir&t  point  of  fail. 
Of  these— 

1  was  not  recovered. 

1  did  not  take  fire. 

8  exploded  at  the  first  point  of  fall. 

1       "       late  after  striking. 

1  in  which  the  effect  was  not  noticed. 

Twenty-four  shells  were  next  fired,  12  with  the  No.  2  fuze, 
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and  12  with  No.  3,  with  increased  charges  in  the  shells.  Of 
these — 

3  No.  2  fuzes  and  1  of  No.  3  became  detached  on  leaving  the 

piece. 

1    "    "    "    "     2     "     "       u       "  before  the  1st  point 

of  fall. 

4  "    "    "    "     1     «     "  exploded  between  150  and  280 

paces  beyond  the  1st  point  of 
fall. 

4    "    "    "    "     5     M     u  whose  explosions  were  not  no- 
ticed. 

3  "    3    "  exploded  at  the  1st  point  of  fall. 

The  fuze  No.  1  having  succeeded  the  best,  was  the  only  one 
used  in  the  rest  of  the  experiments,  after  reducing  the  length  of 
the  solid  part  at  the  end. 

Of  15  shots  fired — 

4  were  exploded  before  the  1st  point  of  fall. 

3    "  "       from  100  to  960  paces  beyond  the  1st  point 

of  fall. 

7    "  "       at  the  1st  point  of  fall. 

1  the  fuze  did  not  take  fire. 

Considering  only  the  fuzes  No.  1  in  the  2d  and  4th  trials,  it 
will  be  seen  that  GO  per  cent,  succeeded,  16  per  cent,  exploded 
late,  whilst  an  equal  percentage  exploded  prematurely.  For  the 
first  trial  with  a  new  fuze  this  is  quite  favorable  enough  to  have 
warranted  new  experiments  with  a  view  of  modifying  and  per- 
fecting the  invention.  But  these  do  not  seem  to  have  been  under- 
taken,  probably  because  the  Splingard  fuze  becoming  known,  it 
has  been  deemed  better  suited  to  the  exigencies  of  service. 

The  statement  regarding  the  properties  of  zinc  is  not  exactly 
true ;  for  this  metal  is  brittle  at  ordinary  temperatures,  and 
become  malleable  at  a  few  degrees  above  100°.  It  becomes  lam- 
in  able  when  heated  to  between  120°  and  150°,  and  below  or  above 
these  limits  it  becomes  brittle.  These  facts  may  serve  to  explain 
some  of  the  irregularities  observed  in  the  bursting  of  the  shells. 

It  is  possible,  that  firing  at  short  distances,  the  burning  com- 
position does  not  heat  the  tube  sufficiently  for  it  to  reach  its  maxi- 
mum brittle  point  at  its  first  point  of  fall ;  and  on  the  contrary, 
in  firing  at  great  distances,  the  temperature  of  the  tube  may  be 


SXOECK. 


Oil 


raised  so  high  as  to  inflame  the  powder  in  contact  with  it ;  that 
is,  to  from  265°  to  270°  R.  Were  this  the  fact,  the  tardy  explo- 
sions are  explained  on  the  first  supposition  ;  and  the  spontaneous 
explosions,  taking  place  between  the  first  and  second  ricochets, 
by  the  second. 

It  would  be  well,  therefore,  to  determine  beforehand,  by  ex- 
periments with  stationary  tubes,  to  what  degrees  of  temperature 
they  are  heated  from  the  commencement  to  the  end  of  the  burn- 
ing of  the  composition  ;  using  for  this  purpose  thin  bars  of  differ- 
ent fusible  alloys,  forming  a  thermometric  series  of  four  or  five 
terras  between  150°  and  270°,  stating,  also,  the  relative  degree  of 
brittloness  at  different  points  during  the  combustion. 

It  may  be,  as  was  thought  by  the  Holland  Commission,  to 
which  this  fuze  was  referred,  that  the  premature  explosions  may 
occur  from  the  tube  becoming  so  brittle  as  to  be  broken  by  the 
movement  of  the  charge  in  the  shell,  or  by  the  inertia  of  that  part 
of  the  tube  between  the  solid  end  and  the  point  of  rupture.  It 
might,  then,  be  advantageous  to  surround  the  tube  with  an  open 
sheath,  with  no  bottom,  of  nearly  the  same  diameter  of  the  fuze- 
plug,  and  fastened  to  it  in  such  a  way  as  to  protect  the  tube  from 
the  shock  of  the  charge;  at  the  same  time,  giving  two  points  of 
support  near  its  end  to  the  end  of  the  tube,  to  prevent  the  latter 
from  breaking  of  its  own  weight.  An  open  tin  cylinder  with  the 
open  spaces  large  enough  to  allow  the  broken  part  of  the  tube  to 
fall  out,  would  serve  the  purpose  ;  though  the  experiments  upon 
the  temperature  and  brittleness  of  the  fuze,  as  recommended  in 
the  preceding  paragraph,  might  indicate  that  a  progressive 
decrease  of  thickness  of  the  tube  would  obviate  every  difficulty. 

The  explosions  in  the  bore  of  the  piece  may  arise  from  the 
passage  of  the  flame  between  the  sides  of  the  fuze-plug  and  eye 
of  the  shell,  or  between  the  fuze  and  fuze-plug.  This  could  be 
determined  by  firing  some  shells  with  no  composition  in  the  fuzes ; 
and  if  it  was  found  to  be  the  fact,  it  would  be  well  to  make  the 
fuze-plug  of  pasteboard  and  fix  it  in  the  eye  by  wrapping  it  in 
hemp  soaked  in  liquid  paste,  as  is  done  with  the  Russian  fuze,  and 
to  increase  the  height  of  the  cork  collar,  and  even  make  it  so 
large  as  to  isolate  the  fuze  entirely  from  the  plug,  as  in  the  Splin- 
gard  fuze.    If  this  isolation  should  be  found  to  interfere  with  the 


312 


FUZES. 


breaking  of  the  tube  at  tbo  point  of  fall,  this  could  be  remedied 
by  increasing  the  weight  of  the  solid  part  at  the  end. 

To  prevent,  in  casting  the  tubes,  the  fonnation  of  small  holes 
or  defects  which  might  give  passage  to  the  flame,  or,  from  the 
consequent  thinness  of  the  metal  at  those  points,  cause  explosion 
of  the  charge  by  heating  the  metal  there,  it  is  proposed  to  make 
the  fuzes  from  rolled  tubes,  which  could  be  cut  to  the  proper 
length,  heated  to  120°,  and  the  solid  end  and  reinforce  band 
stamped  on  them. 

With  these  proposed  improvements,  it  is  thought  this  fuze 
might  be  very  much  increased  in  value.  It  is  simpler  in  ite  con- 
struction and  cheaper  than  Splingard's,  and  being  smaller  in  size, 
may  be  applied  without  difficulty  to  the  eyes  of  existing  shells  of 
all  calibers.  Although  constructed  on  a  similar  principle  to  that 
of  the  Splingard  fuze,  yet,  as  a  distinct  fuze,  the  merit  of  the 
invention  certainly  belong  to  Capt.  Snoeck;  as,  after  all,  in  inven- 
tions of  this  kind,  he  is  entitled  to  the  credit  of  making  them, 
who  first  brings  together  into  a  perfect  whole  the  scattered  ele- 
ments of  a  plan,  and  shows  its  successful  operation.  This  seems 
to  be  the  idea  of  the  great  artillerist  (who,  by  his  invention  of  the 
shell  system  for  long  guns,  gave  6uch  an  increased  efficiency  to 
the  fire  of  artillery),  when  he  says : 

"  We  have  invented  nothing,  innovated  nothing,  and  almost 
changed  nothing ;  we  have  simply  united  the  scattered  elcmt-nt*, 
to  which  it  sufficed  to  give,  with  a  little  attention,  the  proj»er  size 
and  proportions  to  attain  the  important  end  we  had  proposed.*' 

lie  is  not  the  inventor  who  suggests  the  possibility  of  certain 
results  following  certain  combinations,  and  allows  his  idea  to  lie 
dormant  until  practically  tested  by  others,  when  failure  leaves  all 
the  odium  on  the  practical  man,  but  success  raises  up  many  com- 
petitors who  are  ready  to  produce  the  evidence  of  their  prior 
claims,  to  the  exclusion  of  him  who  is  the  first  to  demonstrate  that 
what  has  been  predicted  as  possible,  cannot  be  otherwise  than  as 
he  has  shown  it.  All  great  inventions  have,  therefore,  their  de- 
puted claimants,  and  those  in  military  science  form  no  exception 
to  the  rule. 

Spllngard  Concussion  Fuze. — This  fuze,  invented  by  the 
same  Belgian  captain  whose  admirable  system  of  time  fuzes  had 
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already  placed  his  name  in  the  first  rank  of  fuze  inventors  in  1846, 
first  became  generally  known  in  1850,  although  it  had  then  been 
invented  20  years.  During  this  period  the  knowledge  of  it  was 
retained  in  Belgium  as  a  state  secret;  and  it  would  probably  still 
have  remained  6uch  but  for  the  corruption  of  some  agent  not 
proof  against  the  inducements  offered  to  divulge  it.  It  became 
known  in  England  and  Holland,  when  it  was  deemed  advisable 
by  the  Belgian  government  to  allow  a  description  of  it  to  be  pub- 
lished ;  which  was  done,  as  much  as  anything  else,  for  the  pur- 
pose of  forestalling  the  action  of  the  speculators  and  counterfeit- 
ers, who  sought  to  sell  the  secret  to  foreign  governments. 

The  fuze  is  characterized  by  its  simplicity,  and  easy  manufac- 
ture, by  its  general  application  to  all  shells,  and  by  the  total 
absence  of  all  those  dangerous  fulminating  powders  so  generally 
used  in  concussion  and  percussion  fuzes  up  to  the  invention 
of  this  one.  In  case  of  need,  too,  the  present  wooden  one  could 
without  much  difficulty  be  converted  into  a  concussion  fuze.  It 
is  perfectly  safe  in  the  hands  of  the  artillery-man  or  in  the  mag- 
azine, and  cheap  enough  to  be  generally  used. 

The  fuze  consists  of  two  parts,  the  fuze  jyroper,  Fig.  107,  and 
the  fuze  plug. 

The  fuze-case  is  made  of  cartridge  paper,  cylindrical  in  form, 
and  filled  with  the  ordinary  fuze-composition,  in  the  center  of 
which  is  a  hollow  conical  tube  of  plaster  of  Paris,  open 
at  the  bottom  ;  through  which  passes  the  flame  when 
the  cone,  left  unsupported  by  the  burning  away  of  the 
composition  around  it,  breaks  off  from  the  shock  of  the 
falling  shell. 

A  strong  paper  is  used,  and  is  rendered  incombusti- 
ble by  immersion  in  a  solution  of  sulphate  of  ammonia. 

The  fuze  is  filled,  like  a  rocket,  on  a  spindle,  using 
small  charges,  and  taking  care  to  pack  the  composition 
well ;  or  it  may  be  driven  solid  and  bored  out  after- 
wards. In  the  bottom  part  of  the  fuze  a  slow  compo- 
sition is  used,  next  to  that  a  quicker  one,  and  in  the 
top  part  mealed  powder. 

The  surface  of  the  opening  in  the  composition  is 
covered  with  one  or  two  coats  of  gum-lac  varnish. 
"When  this  is  perfectly  dry,  piaster  moistened  with      fi*.  w. 
21 
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water  is  packed  into  the  opening,  so  a3  to  fill  incompletely  ;  and 
while  it  is  still  soft,  a  small  spindle  is  thrust  in  along  the  axis  to 
such  a  depth  as  not  to  pierce  the  top  of  the  cone.  The  proper 
direction  is  given  to  this  spindle  by  a  guide  which  is  placed 
against  the  bottom  of  the  fuze,  and  through  which  the  handle  of 
the  spindle  slides. 

No  fissures  arc  formed  between  the  plaster  and  composition, 
as  the  plaster  enjoys  the  property  of  increasing  its  volume  when 
combined  with  water. 

The  slow  composition  extends  only  a  very  little  above  the  top 
of  the  plaster  tube,  in  order  to  leave  it  unsupported  very  soon 
after  fire  is  communicated  to  that  part.  In  this  way  the  same 
fuze  may  be  employed,  either  at  very  small  or  very  great  dis- 
tances. 

The  fuze-plug,  Fig.  198,  is  of  wood,  and  of  the  y 
same  form  on  the  exterior  as  an  ordinary  wooden 
fuze.    The  interior  is  formed  of  three  parts  : 

1st.  The  upper  and  largest  part,  in  which  is 
fitted  a  cylindrical  collar  of  cork,  through  which 
the  fuze  is  passed,  and  held  in  its  position  there  by 
friction,  isolated  from  contact  with  the  rest  of  the 
fuze-plug.  This  arrangement,  as  in  Splingard's 
time-fuze,  protects  the  composition  from  the  shocks 
of  the  discharge  and  ballotings  in  the  bore. 

2d.  The  middle  part,  which  slightly  exceeds  in 
diameter  the  diameter  of  the  fuze-case  ;  and 

3d.  The  lower  part,  which  is  very  narrow,  with 
the  double  object  of  allowing  the  passage  of  the 
flame  into  the  shell,  and  forming  an  offset  for  the 
lower  end  of  the  fuze  to  rest  upon. 

To  prevent  the  powder  in  the  shell  from  enter- 
ing the  fuze,  a  piece  of  light,  open  stuff,  like  gauze, 
is  pasted  over  the  bottom  of  the  fuze-plug. 

Employment. — The  fuze-plug  being  fixed  beforehand,  the  fuze 
is  not  introduced  until  just  before  firing.  For  the  operation,  no 
tool  is  required,  it  being  pushed  in  simply  with  the  hand. 

In  mortar-firing,  the  head  of  the  fuze-plug  may  be  allowed,  a* 
usual,  to  project  beyond  the  surface  of  the  shell,  as  there  is  no 
danger  of  its  being  crushed  by  the  revolution  of  the  shell  in  the 
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bore ;  but  with  long  pieces,  and  especially  with  those  of  large 
caliber,  it  must  be  allowed  to  project  as  little  as  possible.  The 
shell,  too,  in  such  cases,  should  be  attached  to  a  sabot,  as  solid 
and  stable  as  possible,  in  order  to  resist  the  effort  to  rotate, — a 
matter  of  considerable  importance  under  like  circumstances,  no 
matter  what  kind  of  fuze  is  used. 

Experiments  with  this  fuze  were  made  at  Liege  in  1850,  and 
were  so  favorable  as  to  cause  their  continuance  the  following  year 
at  Brasschaet,  where  a  11 -in.  (29e)  mortar  was  used,  firing  at 
an  angle  of  60°,  and  a  distance  of  600  paces. 
Out  of  224  shell  fired, 
204  Burst  at  the  moment  of  striking. 
13    "    after  falling,  and  when  all  the  fuze  had  burnt  out. 
3    "    prematurely,  near  the  end  of  their  flight. 
5  Did  not  burst,  3  of  which  in  consequence  of  the  fuze  not 
taking  fire. 

More  favorable  results,  as  far  as  mortars  are  concerned,  could 
scarcely  be  desired. 

Some  of  the  shells,  loaded  with  the  service-charge  (4  lbs.)  were 
fired  against  blindages,  and  showed  that  they  had  time  to  pene- 
trate before  the  explosions  took  place. 

A  24-pdr.  howitzer  was  next  tried,  with  4  lbs.  of  powder, 
firing  at  a  distance  of  600  paces.    Out  of  31  shots  fired, 

10  Burst  at  the  1st  point  of  fall. 
17     "       "     2d  " 
4     "    in  the  piece. 

The  eyes  of  these  shells  were  so  small  that  the  heads  of  the 
fuzes  projected  more  than  an  inch,  which,  in  all  probability, 
caused  the  4  explosions  in  the  piece. 

The  17  tardy  explosions  are  accounted  for  by  the  fact  that  the 
fuzes  used  were  made  for  mortar-firing,  in  which  the  projectile 
moves  comparatively  slow,  and  the  composition  burnt  too  slowly 
to  uncover  sufficient  of  the  plaster  to  allow  rupture  to  take  place. 
At  the  6econd  point  of  fall,  a  greater  distance  was  left  unsupported, 
and  the  shells  were  exploded  by  the  shock. 

The  obvious  remedies  in  these  two  cases,  are  to  quicken  the 
burning  of  the  composition,  and  make  the  fuze-plugs  of  such  a 
size  as  not  to  allow  any  portion  to  project.  These  modifications 
have  been  made,  and  subsequent  yearly  experiments  have  fully 
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demonstrated  the  complete  success  of  the  fuze  in  pieces  of  all  cal- 
ibers and  kind. 

The  principle  of  the  concussion-fuze  being  of  more  import- 
ance in  firing  against  vessels  at  sea,  or  on  the  sea-board  from  sea- 
coast  defenses,  than  under  any  other  circumstances,  it  is  a  matter 
of  considerable  importance  to  know  whether  the  shell  will  burst 
while  in  the  side  of  a  vessel,  or  if  the  action  of  the  fuze  is  not  so 
quick  as  to  burst  the  shell  before  it  has  penetrated  sufficiently 
into  the  wood  to  produce  its  proper  effect. 

Experiments  made  in  1853,  with  long  guns  of  large  caliber 
and  strong  charges,  fired  against  a  target  composed  of  a  double 
thickness  of  strong  beams,  proved  conclusively  that  the  time 
which  elapsed  between  the  striking  of  the  projectile,  the  breaking 
of  the  tube,  the  transmission  of  fire  to  the  charge,  and  the  explo- 
sion, is  precisely  what  it  ought  to  be  to  allow  the  shell  to  become 
properly  imbedded  in  the  wood. 

The  application  of  these  fuzes  may  be  universal ;  on  board 
ship,  in  sea-coast  defences,  and  in  the  attack  of  permanent  works ; 
whilst  the  power  to  burst  at  will  field  howitzer  shells  at  their  first 
point  of  fall,  will  very  much  increase  the  efficacy  of  field  how- 
itzers, simplify  their  rules  of  fire,  and  their  supplies ;  and  even  in 
sieges,  ricochet  and  enfilade  fires  are  increased  in  power. 

In  addition  to  those  advantages  already  mentioned,  may  be 
stated,  the  ease  with  which  the  fuze  is  prepared  for  use, — simply 
pushing  it  into  the  fuze-plug  without  any  previous  preparation. 

The  perfect  freedom  from  danger  in  its  use,  and  the  little  lia- 
bility there  is  for  its  bursting  anywhere  within  the  first  point 
of  fall. 

The  ease  with  which  it  is  preserved  in  magazines,  requiring  no 
more  care  than  is  used  with  portfires ;  an  important  quality  in 
view  of  the  difficulty  of  preserving  fuzes  driven  in  wood. 

The  reduction  of  the  large  supply  of  loaded  shells  now  kept 
on  board  ship  and  in  magazines,  at  imminent  risk  of  destructive 
accidents ;  a  much  smaller  supply  being  all  that  is  now  necessary, 
in  consequence  of  the  ease  with  which  these  fuzes  are  filled ;  and 
even  where  the  shells  are  loaded,  the  fuze-plugs  can  be  stopped 
with  a  good  cork,  and  the  fuze  left  out  till  the  last  moment. 

The  simplification  which  its  adoption  causes  in  the  whole  fuze 
system  for  hollow  projectiles.   The  number  of  these  fuzes  for  all 
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calibers  will  be  but  two,  whilst  the  same  fuze-plug  can  be  used  for 
all  (both  time  and  concussion  fuzes),  the  two  differing  only  in  the 
presence  or  absence  of  the  plaster  tube ;  the  time-fuzes  being  reg- 
ulated for  different  distances,  as  in  the  Norwegian  service,  by  a 
longitudinal  cut  made  in  the  paper  of  the  fuze.  The  time  and  ex- 
plosive fuzes  could  be  designated  by  different  colors  painted  on 
the  cases,  and  a  regulating  scale  would  be  all  the  addition  neces- 
sary with  the  former. 

It  is  possible  experiment  may  show  that  this  fuze  will  act  if 
the  principle  of  isolation  is  omitted ;  as  there  seems  to  be  but  little 
reason  to  suppose  that  the  composition  or  plaster  would  be  more 
liable  to  rupture  than  in  the  ordinary  wooden  fuze. 

I  was  induced,  soon  after  becoming  acquainted  with  this  fuze, 
to  make  some  experiments,  using  metal  as  a  fuze-plug,  and  glass 
tubes  instead  of  plaster.  The  means  at  hand  for  making  the  fuzes 
were  of  a  very  inadequate  kind,  and  other  circumstances  interfered 
to  put  an  end  to  the  trials.  Some  of  the  fuzes  succeeded  ;  but  the 
unfitness  of  the  glass  as  a  material  in  place  of  plaster,  was  fully 
demonstrated  when  it  was  discovered  that  the  burning  composi- 
tion, whether  outside  of  the  tube,  or  inside  as  in  Snocck's, 
completely  fuzed  the  glass  ;  and  this  was  found  in  some  cases  to 
have  been  melted  down  so  as  to  lose  all  appearance  of  the  original 
form. 

When  the  composition  was  not  driven  on  the  tube  as  a  spindle, 
but  placed  in  afterwards,  it  was  found  necessary  still  to  make  use 
of  a  thin  coating  of  semi-fluid  plaster,  in  order  to  completely  close 
the  joint  between  the  composition  and  the  glass,  to  prevent  the 
flame  from  running  down  along  it. 

Percussion  Fuzes. — A  percussion  fuze  may  be  defined,  one 
which,  leaving  the  piece  without  being  inflamed,  communicates 
fire  to  the  charge  at  the  moment  the  shell  strikes,  by  means  of 
some  change  produced  in  its  construction  by  the  shock. 

They  have  usually  been  constructed  by  making  use  of  some  of 
the  dangerous  fulminating  powders  ;  but  even  those  which  have 
given  the  greatest  promise  of  success,  have  this  great  objection 
against  them,  and  are  of  a  complicated  and  delicate  construc- 
tion. 

These  fuzes  are  of  more  importance  in  naval  warfare  than  any- 
where else,  and  we  find  both  England  and  France  provided  with 
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percussion  fuzes  for  the  use  of  their  navies.  Both  the  systems  are 
very  complicated ;  and  but  for  the  importance  attached  to  them  in 
those  countries,  it  would  scarcely  be  deemed  necessary  to  enter 
into  a  minute  description  of  them. 

French  Fuze,  Fig.  199 
This  fuze,  the  invention  of 
Capt.  Billette,  consists  of 
a  wrought-iron  fuze-plug 
to  which  is  attached  the 
explosive  apparatus.  The 
plug  is  screwed  into  the 
eye  of  the  shell,  stopping 
it  completely,  the  rest  of 
the  apparatus  being  inside 
the  shell. 

In  two  side  channels 
are  fixed  by  friction,  by 
means  of  pieces  of  parch- 
ment, two  small  tubes  of 
hard  wood,  one  filled  with 
chlorate  of  potassa,  the 
other  with  sulphuret  of  an- 
timony. Through  these 
tubes  pass  two  hard  woolen 
cords,  terminated  at  the 
upper  ends  by  rubbers  a  a 
of  copper.  The  other  ends  pass  down  through  the  cup  and 
breaker  of  the  fuze,  and  are  tied  together  in  a  groove  of  the  latter. 
In  order  to  load  the  side  channels,  they  are  left  open  at  the  bottom 
as  represented  in  the  figure ;  that  part  of  the  apparatus  being  after- 
wards closed  by  means  of  the  two  halves  of  a  hollow  truncated 
cone  v  v,  which  are  fixed  to  the  body  of  the  fuze  by  means  of  a 
screw  at  d.  These  half  envelopes  are  made  of  bronze,  and  leave 
between  them  two  openings  through  which  the  flame  i6  trans- 
mitted to  the  charge.  The  breaker  is  fixed  to  the  cup  by  means 
of  a  steel  screw  through  its  center. 

The  shells  with  which  these  fuzes  are  used  are  fixed  to  sabots, 
the  fuze  being  placed  in  the  hollow  and  exactly  in  the  axis  of  the 
sabot. 
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When  the  shell  strikes,  the  shock  breaks  off  the  steel  screw 
connecting  the  cup  and  breaker  at  the  point  where  they  join  ; 
the  weight  of  the  breaker  and  strength  of  the  screw  being  so 
reirulated  as  to  insure  this  effect.  The  weight  and  motion  of  the 
breaker  act  on  the  cords,  producing  the  deflagration  of  the  ful- 
minates. 

Objections — If  explosion  is  not  produced  in  the  bore  of  the 
piece  by  the  shock  of  the  discharge,  it  is  natural  to  suppose  it  will 
not  take  place  whenever  the  shell  strikes,  either  on  the  fuze  or  on 
the  opposite  point  of  the  same  diameter,  and  very  often  when  it 
strikes  anywhere  near  the  ends  of  this  diameter. 

The  amount  of  temper  given  to  the  screw  will  exercise  a  cer- 
tain influence  upon  the  successful  working  of  the  fuze  ;  for,  if  the 
temper  is  too  little  the  rupture  will  not  take  place,  and  if  it  is  too 
great,  a  ricochet  on  wa'er,  or  any  other  slight  shock,  may  be  suffi- 
cient to  explode  the  shell. 

It  may  happen  that  the  powder 
and  incendiary  composition  in  the 
shell  will  not  allow  the  breaker  to 
act  with  that  freedom  which  is 
necessary  to  produce  explosion. 

In  spite  of  these  objections,  it 
must  be  admitted  that  as  the  French 
navy  has  adopted  the  fuze  it  must 
be  better  than  it  looks,  and  at  least 
better  than  the  percussion  fuze  here- 
tofore used  among  them. 

English  Fuze,  Fig.  200.—  This 
fuze,  invented  by  Capt.  Moorsom, 
has  been  but  a  short  time  in  use  in 
the  P.ritish  navy.  It  is  very  highly 
praised  by  Sir  Howard  Douglass, 
though  he  gives  no  description  of  it. 

The  body  of  the  fuze  is  made  of 
bronze,  and  is  screwed  into  the  eve 
of  the  shell  by  means  of  a  key  fitting 
into  two  mortises  made  in  the  head. 
The  lower  part  is  not  threaded,  and 
projects  into  the  chamber  of  the 
shell. 
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In  the  body  of  the  fuze  two  cylindrical  chambers  are  placed, 
one  above  the  other,  with  their  axes  perpendicular  to  each  other. 
In  Fig.  200,  which  represents  a  section  of  the  fuze  through  the 
axis,  the  upper  chamber  is  shown  by  a  section  through  its  axis, 
the  lower  one  by  a  section  perpendicular  to  its.  These  chambers 
are  both  alike,  with  similar  percussion  apparatus  ;  so  that  a 
description  of  one  will  do  for  both. 

In  the  chamber  is  placed  a  solid  cylinder  of  bronze,  b,  termin- 
ated at  each  end  by  a  small  projection,  or  piston. 

One  head  of  the  chamber  is  movable,  and  when  screwed  into 
its  place,  its  exterior  is  flush  with  the  convex  surface  of  the  fuze. 
Holes  are  left  on  the  exterior  for  the  use  of  a  key,  and  the  head  is 
screwed  in,  after  the  hammer  is  placed  in  the  chamber  and  sus- 
pended. 

In  each  end  of  the  chamber  is  a  small  recess,  a  vent  being 
bored  through  to  it  from  the  exterior  of  the  fuze.  These  are  both 
filled  with  fulminating  powder. 

A  hole  is  drilled  through  the  hammer  at  its  middle  point,  and 
perpendicular  to  its  axis,  and  is  used  to  suspend  the  hammer,  by 
means  of  a  copper  wire,  in  the  center  of  the  chamber.  The  wire 
passes  through  corresponding  holes  in  the  body  of  the  fuze  (seen 
in  the  section  of  the  lower  chamber),  and  are  soldered  at  the  ends 
in  the  curved  portions  of  the  holes  near  the  surface  of  the  fuze. 

In  the  lower  end  of  the  fuze  a  third  chamber  is  placed,  with 
a  percussion  apparatus  similar  to  the  preceding,  acting,  however, 
in  the  direction  of  the  axis  of  the  fuze,  and  having  but  one  end 
of  the  chamber  provided  with  percussion-powder,  the  vent  leading 
from  which  communicates  with  a  cross-channel,  having  at  each 
end  a  small  chamber  tilled  with  powder. 

The  hammer,  a  cylinder  of  bronze,  with  a  piston  like  the  others 
on  its  upper  end,  is  suspended  in  the  same  way,  and  lias  below  it 
a  copper-wire  passing  through  holes  in  the  fuze,  and  soldered  like 
the  rest. 

At  the  bottom  of  this  last  chamber  stands  a  cvlinder  of  lead, 
xed  in  its  position  by  its  base,  which  is  pressed  in  a  little  offset, 
between  the  bottom  end  of  the  fuze  and  the  cap  which  closes  the 
chamber. 

From  the  construction  of  this  fuze  it  will  be  seen,  that  there 
are  six  points  on  the  surface  of  the  shell,  the  striking  of  which 
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will  produce  the  working  of  the  apparatus ;  and  that  the  more  the 
point  of  impact  is  removed  from  these,  the  less  will  be  the  proba- 
bility of  the  shell  exploding,  from  the  tendency  the  hammer  will 
have  to  act  in  directions  oblique  to  the  axes  of  the  chambers. 

When  the  shell  strikes,  the  suspension-wire  of  that  hammer 
whose  axis  coincides  with  the  diameter  of  the  shell  passing 
through  the  point  of  impact,  or,  is  parallel  to  it,  is  torn  loose, 
releasing  the  hammer,  and  allowing  it  to  plunge  forward  and 
explode  the  fulminate,  by  striking  it  with  the  piston  on  its  end. 

It  is  doubtful,  even  when  the  shell  strikes  in  the  most  favor- 
able way,  if  the  action  of  the  hammer  is  sufficiently  powerful  to 
always  produce  explosion;  and  should  it  strike  on  the  point 
opposite  to  the  fuze,  it  would  seem  to  be  far  from  certain  that 
explosion  would  follow,  as  the  column  of  lead  has  then  to  tear 
itself  from  its  position,  and  act  on  the  third  hammer  to  produce 
explosion  in  the  fulminate  in  front  of  it. 

Even,  if  the  apparatus  worked  to  perfection,  when  it  did  strike, 
from  the  very  delicacy  of  its  construction,  numerous  premature 
explosions  in  the  bore  of  the  piece  are  to  be  anticipated,  to  say 
nothing  of  those  which  may  occur  in  handling  the  projectiles,  or 
in  ricochets. 

The  fuze,  moreover,  is  so  exceedingly  complicated,  and  must 
be  so  costly,*  that  it  can  scarcely  be  considered  as  offering  a  good 
practical  solution  of  the  problem  of  percussion-fuzes ;  and  as  these 
fuzes  are  about  as  favorable  as  any  of  the  kind  in  use,  we  may 
conclude  that  no  practical  percussion-fuze  has  yet  been  discovered 
for  use  with  spherical  projectiles.  None  that  will  at  all  compare 
for  example,  with  the  Splingard  concussion-fuze  in  certainty  and 
simplicity  of  action. 

For  projectiles  which  move  point-foremost,  and  are  always 
sure  to  strike  at  one  place,  the  problem  is  an  easy  one.  Several 
forma  have  been  suggested  ;  and  although  the  problem  regarding 
the  projectile  has  not  as  yet  been  solved,  it  may  be  as  well  to 
describe  one  or  two  of  these  fuzes,  in  order  to  be  prepared  when 
the  solution  does  come,  which  probably  now  will  be  at  no  distant 
day. 

Bourbon  Fuze,  Fig.  201.  This  fuze  was  used  with  the  percus- 
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eion  projectile,  to  which  reference  is  made  on  p.  303,  invented 
by  M.  de  Bourbon  (Duke  of  Normandy),  and  which  was  guidc»l 
by  a  kind  of  rudder,  so  as  to  compel  it  to  move  with  the  point  to 
the  front. 

It  consists  of  a  bronze  fuze- 
plug  screwed  into  the  eye  of  the 
6hcll,  with  a  head  larger  in  dia- 
meter than  the  other  part  and 
threaded  on  the  exterior,  by 
means  of  which  a  cap  is  screwed 
on,  covering  the  fuze  until  just 
before  it  is  used. 

A  cap  of  copper,  e  e,  is  fixed 
to  the  head  of  the  fuze  by  means 
of  several  circular  grooves  in  the 
fuze-plug ;  slots  and  projections 
being  formed  on  the  edge  of  the 
cap,  and  the  rabbets  of  the  circu- 
lar grooves,  which  allow  the  cap 
to  be  inserted  in  its  place.  A 
threaded  hole  is  placed  at  the  If  *°L 

highest  point  of  this  cap,  in  which  the  fulminating  cap,  dy  is 
screwed  just  before  the  fuze  is  used.  A  steel  nipple  is  screwed 
into  the  body  of  the  fuze  just  under  the  cap,  which,  when  the  cap 
is  exploded,  conveys  fire  to  the  charge,  communicating  it  first  to 
the  powder  contained  in  the  channel  of  the  fuze.  The  bottom  of 
this  channel  is  closed  with  a  cork  stopper,  which  is  blown  out 
when  the  powder  in  the  fuze  takes  fire. 

The  projectile  being  supposed  to  strike  with  the  point  first, 
the  shock,  in  order  to  explode  the  cap,  must  be  of  sufficient  force 
to  flatten  the  cap,  e  e  /  and  this  cap  has  been  made  of  6uch  a  thick- 
ness that  nothing  less  than  striking  against  the  side  of  a  ship,  or 
other  equally  resisting  body,  is  sufficient  to  cause  explosion.  No 
ricochet,  therefore,  on  the  water,  will  cause  the  shell  to  burst. 
Such  a  fuze  would  do  very  well  for  a  rifled  projectile  of  large 
size,  did  any  good  one  of  the  kind  exist,  or  for  any  projectile  with 
an  arrangement  to  keep  a  particular  part  always  to  the  front. 

It  does  not  appear  that  the  means  used  to  produce  this  effect 
in  the  Bourbon  projectile  were  at  all  successful.    It  is  stated  that 
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the  apparatus  made  use  of,  consisted  of  a  stem  of  iron  screwed 
into  the  bottom  of  the  projectile,  and  having  tied  to  the  other 
end  a  ifhc  which  uncoiled  itself  as  the  projectile  left  the  piece. 
The  stem  acting  besides  as  the  axis  of  a  kind  of  sabot,  made  of 
felt,  oakum,  &c. 

In  the  experiments  made  with  this  fuze  and  projectile  in  Rus- 
sia, it  is  stated  that  explosion  took  place  always  when  the  projec- 
tile struck  point  foremost,  but  that  this  condition  was  too  seldom 
fulfilled  for  the  mean  result  to  be  of  sufficient  efficacy. 

It  is  predicted  that  the  Bourbon  fuze  will  be  the  type  of  all 
good  fuzes  for  percussion  projectiles  fired  in  naval  artillery  from 
grooved  guns. 

Should  it  be  found  that  shells  armed  with  such  fuzes  burst 
too  60on  after  striking,  a  6inall  piece  of  fuze  composition  could 
easily  take  the  place  of  the  powder  in  the  fuze,  and  delay  the 
explosion  of  the  shell  any  convenient  length  of  time ;  and  this 
modification  may  be  applied  to  any  percussion  fuzes  of  this  kind. 
It  is  now,  however,  pretty  well  known  that  the  shell  penetrates  a 
sufficient  distance  to  produce  the  proper  effect,  before  the  explo- 
sion takes  place. 

In  the  experiments  made  at  West  Point  on  elongated  rifled 
projectiles,  the  exploding  apparatus  consisted  simply  of  a  nipple 
attached  to  a  piece  of  metal,  and 
having  on  it  a  common  percus- 
sion cap.  This  was  dropped  into 
a  small  chamber  left  in  the  point 
of  the  projectile,  and  a  head  piece 
screwed  on.  When  the  shell 
struck,  the  nipple  piece  contin- 
ued to  move  to  the  front  until 
arrested  bv  the  head  piece  of  the 

*  Fir  80i 

chamber,  when  the  cap  was  ex- 
ploded, and  fire  communicated  to  the  charge.  This  gave  a  little 
more  time  for  the  projectile  to  penetrate  than  is  allowed  by  the 
Bourbon  fuze,  and  sometimes  the  shells  appear  to  have  passed 
through  a  6olid  target  of  beams  three  feet  thick,  bursting  as  they 
reached  the  opposite  side.  The  destruction  produced  by  a  pro- 
jectile bursting  in  this  way  after  passing  through  a  ship's  side, 
would  be  very  great 
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ARTILLERY  IMPLEMENTS. 

For  the  purpose  of  describing  these  implements,  they  will  be 
divided  into  classes  with  regard  to  the  use  made  of  them,  as  Point- 
ing implements,  Loading  implements,  Priming  and  firing  im- 
plements ;  and  these  classes  will  be  subdivided  according  to  the 
pieces  with  which  they  are  used. 

POINTING  IMPLEMENTS. 

Quadrant,  Fig.  203,  PL  13.  The  first  instrument  used  for 
giving  the  elevation  to  a  piece  of  artillery  was  the  common  quad- 
rant, made  either  of  wood  or  metal.  This  is  now  used  only  with 
mortars,  or  in  giving  large  degrees  of  elevation  to  long  pieces,  for 
which  the  ordinary  breech-sight  and  tangent  scale  is  not  suffici- 
ently developed.  It  consists  of  a  quarter  of  a  circle  fixed  to  a  long 
arm.  The  edge  of  the  circle  is  divided  into  degrees,  and  the  in- 
clination of  the  arm  to  the  horizon  is  determined  by  a  plummet 
which  is  fastened  at  the  center  of  the  curve.  This  quadrant  gives 
the  elevation  of  a  piece  only  to  within  a  degree.  For  more  accu- 
rate pointing  a  more  complicated  metal  quadrant  is  used,  having 
a  movable  limb  fastened  at  the  centre  of  the  arc,  and  a  spirit  level 
attached  to  it.  The  end  of  this  arm  moves  along  the  graduated 
arc,  and  has  on  it  a  vernier  by  means  of  which,  parts  of  a  degree 
can  be  read  off.  This  quadrant  is  more  especially  intended  for 
use  with  long  pieces  of  large  caliber,  when  greater  accuracy  is 
required  than  can  be  obtained  with  the  breech-sight,  or  in  firing 
at  great  elevations. 
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Breech-sight. — Fig.  204,  PI.  13.  The  breech-sight  consists  of 
an  upright  piece  of  sheet  brass,  supported  on  a  foot  piece,  the 
lower  side  of  which  is  curved  to  fit  on  the  base-ring  of  the  gun 
on  which  the  sight  is  used.  In  the  middle  of  the  upright  part  a 
slit  is  made,  and  on  one  side  of  it  is  placed  the  scale.  Along  this 
slit  a  slider  moves,  and  is  retained  in  any  particular  position  by  a 
small  6crcw  which  enters  the  slider  from  behind,  and  through  the 
slit.  The  sighting  is  made  through  notches  or  small  holes  made 
in  the  slider.  The  middle  of  the  sight  is  first  placed  over  the 
highest  point  of  the  breech,  a  notch  or  mark  being  made  on  the 
foot  for  that  purpose. 

Formerly  the  highest  point  of  the  muzzle  was  marked  cither 
permanently  or  with  chalk,  and  the  line  of  sight  passed  through 
that  point.  The  divisions  on  the  scale  were  then  determined  as 
follows :  Suppose  a  breech-sight  or  tangent  scale  for  the  6  pd.  gun 
is  to  be  graduated.  The  natural  angle  of  sight  being  one  degree, 
the  dispart  will  be  equal  to  the  tang,  of  1°  to  a  radius  equal  to 
the  distance  between  the  highest  points  of  the  swell  of  the  muzzle 
and  base  ring,  measured  on  a  parallel  to  the  axis  of  the  piece. 
This  distance  in  the  6-pd.  gun  is  58.7  in.  and  multiplied  by  the 
natural  tangent  of  1°  (.0174551)  gives  the  dispart  1.0246.  The 
angles  being  very  small,  we  may  assume  the  tangents  to  increase 
in  the  6ame  proportion  with  the  arcs,  and  that  therefore  the  tan- 
gent of  2°  is  equal  to  double  the  tangent  of  1°  and  so  on.  Laying 
off  then  on  the  scale  a  distance  equal  to  the  dispart,  we  obtain 
the  point  through  which  the  piece  is  sighted  at  an  object  on  the 
same  level,  when  its  axis  has  an  elevation  of  2°.  This  being  di- 
vided into  4  equal  parts,  gives  us  the  points  for  each  quarter  of  a 
degree;  the  different  distances  representing  the  tangents  of  each 
quarter  of  a  degree  to  a  radius  of  58.7  in.  It  will  be  seen 
by  this  construction  that  if  the  natural  tangents  of  2°,  3°, 
&c,  be  multiplied  by  the  radius  58.7  in.  the  distance  obtained 
must  first  be  decreased  by  the  dispart  before  being  laid  off  on  the 
scale.  The  sight  for  any  other  piece  is  graduated  in  a  similar 
manner.  Muzzle-sights,  equal  in  length  to  the  dispart,  are  how- 
ever now  used,  and  the  scale  is  laid  off  from  the  bottom  in  lengths, 
which  are  calculated  as  before,  and  represent  the  tangents  of  1  °, 
2°,  3°,  &c.y  to  a  radius  equal  to  the  distance  between  the  two 
sighting  points  on  the  piece.   These  lengths  are  subdivided  into 
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smaller  parts,  which  enables  the  piece  to  be  sighted  to  within  a 
small  portion  of  a  degree. 

These  sights  are  designed  for  use  with  the  heavy  sea-coast  and 
siege,  and  garrison  pieces,  and  the  new  method  of  graduating 
them  has  the  advantage  of  rendering  easier  the  application  of  the 
pendulum  hausse  to  the  pieces,  as  that  instrument  is  always  used 
with  the  muzzle-sight. 

The  Tangent  Scale,  Fig.  205,  PL  13,  is  made  of  sheet-brass, 
with  a  flange  along  the  lower  edge,  which  latter  is  cut  to  fit  the 
base-ring  of  the  piece. 

The  upper  edge  is  cut  in  steps,  each  rise  representing  the 
tangent  of  J°  to  a  radius  equal  to  the  distance  betwoen  the  high- 
est points  of  the  breech  and  muzzle,  measured  parallel  to  the  axis. 

In  the  middle  of  each  step  a  notch  is  placed  to  assist  in  sighting. 
When  the  piece  is  sighted  by  these  different  notches,  the  axis  is 
at  an  elevation  indicated  by  the  degrees  and  minutes  under  the 
notches. 

This  instrument  has  now  fallen  very  much  into  disuse,  the 
pendulum-hausse  or  breech-sight  being  preferred  as  more  conve- 
nient in  form,  the  first  named  correcting  besides  any  error  arising 
from  the  trunnions  not  being  horizontal. 

Pendulum-Hausse,  Fig.  206,  PL  13.  The  two  preceding  instru- 
ments give  the  proper  elevation  to  the  piece  only  when  the  trun- 
nions being  horizontal,  the  permanently  marked  highest  points  of 
the  breech  and  muzzle  are  made  use  of,  or  when  the  trunnions 
not  being  horizontal,  new  points  are  designated  by  means  of  the 
gunner Vlevel.  The  pendulum-hausse  serving  as  a  corrective  for 
a  faulty  position  of  the  trunnious,  does  away  with  the  necessity 
for  the  use  of  the  gunner's-level  or  new  sighting-points,  which  it 
would  be  very  difficult,  under  many  circumstances,  to  establish. 
This  hausse  is  derived  from  the  Russian  service,  and  hence  is  called 
the  Russian  hausse. 

It  consists  of  an  upright  piece  of  sheet-brass,  like  the  breech- 
sight,  and  has  a  movable  slider  and  scale,  similarly  arranged. 
At  the  lower  end  is  placed  a  bulb  or  disk,  filled  with  lead.  The 
scale  passes  through  a  slit  in  a  piece  of  steel,  and  is  connected 
with  it  by  a  brass  screw,  which  serves  as  a  point  ou  which  the 
scale  vibrates  laterally  ;  the  slit  is  made  long  enough  to  allow  the 
scale  to  assume  a  vertical  position,  in  any  ordinary  cases  of  irregu- 
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larity  of  the  ground  on  which  the  gun-carriage  may  stand.  The 
ends  of  the  piece  of  steel  are  formed  into  journals  or  trunnions, 
by  means  of  which  the  hausse  is  supported  on  the  seat  attached 
to  the  base  of  the  breech,  and  is  at  liberty  to  vibrate  in  the  direc- 
tion of  the  axis  of  the  piece. 

Thus,  in  any  ordinary  variations,  either  in  the  level  of  the 
wheels  or  in  the  elevation  of  the  gun,  the  scale  is  kept  in  the 
vertical  position  by  the  weight  of  the  bulb  at  the  bottom. 

The  seat  is  of  iron,  and  fastened  to  the  base  of  the  breech  by 
three  screws,  in  such  a  way  that  the  middle  point  of  the  steel  bar, 
or  pivot  of  the  scale,  shall  be  at  a  distance  from  the  axis  of  the 
piece  equal  to  the  radius  of  the  base-ring. 

The  muzzle-sight  is  of  iron,  and  screwed  into  the  highest  point 
of  the  swell  or  muzzle-band.  The  height  of  this  6ight  being  equal 
to  the  dispart,  a  line  from  the  top  of  it  to  the  pivot  of  the  scale, 
which  is  also  its  zero  point,  is  parallel  to  the  axis  of  the  piece. 
This  being  the  disposition,  should  the  axis  of  the  trunnions  not  be 
horizontal,  the  vertical  plane  passing  through  the  central  line  of 
the  scale,  and  top  of  the  muzzle-sight,  will  be  parallel  to  the 
vertical  plane  of  fire,  and  to  the  axis  of  the  piece  which  is  in  that 
plane,  and  may  without  sensible  error  be  substituted  for  the  latter. 
The  scale  will,  therefore,  always  indicate  correctly  the  proper 
angle  of  elevation  of  the  piece. 

Each  piece  must,  of  course,  be  provided  with  its  own  scale, 
seat  and  muzzle-sight,  all  of  which  are  marked  for  the  particular 
piece  to  which  they  belong. 

The  hausse,  when  not  in  use,  is  carried  in  a  leather  pouch  sus- 
pended by  a  strap  from  the  shoulder. 

The  manner  Of  graduating  the  scale  has  already  been  described 
at  p.  325.  The  divisions  are  the  tangents  of  each  quarter  of  a  de- 
gree, to  a  radius  equal  to  the  distance  between  the  top  of  the 
muzzle-sight  and  pivot  of  the  scale,  which  exceeds,  by  an  inch, 
the  distance  laid  down  in  the  tables  as  that  between  the  semi-dia- 
meters of  the  base-ring  and  swell  of  the  muzzle. 

This  instrument,  the  best  of  its  kind  now  in  use,  has  been 
adopted  fur  our  field  artillery,  and  also  applied  to  some  of  the 
heavier  pieces ;  but  with  these  its  use  is  not  of  as  much  import- 
ance, since,  the  wheels  of  their  carriages  having  generally  a  perma- 
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nently  level  position,  they  are  not  liable  to  the  same  inaccuracies 
in  firing  as  field  pieces,  which  are  used  on  rougher  and  more  vari- 
able ground. 

Gunner's  Level,  Fig.  207,  PI.  13.  This  is  an  instrument  for 
determining  the  highest  points  of  the  base-ring  and  muzzle,  pre- 
paratory to  the  use  of  the  breech-sight  and  tangent-scale.  It  con- 
sists of  an  upright  of  sheet-brass,  supported  on  two  feet,  the  Hue 
joining  the  bottom-points  being  perpendicular  to  the  direction  of 
a  sliding  pointer,  which  moves  up  and  down  in  sockets  on  the  up- 
right. On  a  horizontal  shelf,  fixed  to  the  upright  by  screwy  is 
placed  a  spirit-level  parallel  to  the  line  joining  the  feet.  By 
means  of  the  bubble,  the  feet  are  placed  on  a  horizontal  line  on 
the  base-ring,  the  slider  pushed  down  until  the  point  rests  on  the 
metal,  and  its  position  marked  with  chalk. 

Handspike. — The  handspike  is  used  for  giving  the  horizontal 
direction  to  the  piece.  That  for  the  field-pieces,  called  a  trail 
handspike,  is  round,  and  conical-shaped  at  the  large  end,  to  fit 
into  the  pointing-rings.  Near  this  end  is  placed  an  iron  stop,  the 
stem  of  which  passes  through  the  handspike  and  is  clinched  on 
the  opposite  side.  This  stop  slides  through  a  slot  in  the  larpe 
pointing-ring,  and,  when  the  handspike  is  turned,  holds  it  in  its 
position.  At  the  small  end  a  ring  is  placed  for  the  purpose  of 
suspending  the  handspike  at  the  side  of  the  carriage. 

The  Maneuvering  Handspike,  Fig.  208,  PI.  13,  is  longer  than 
the  preceding,  and  is  for  service  with  the  siege  and  garrison  car- 
riages, gins,  &c.  It  differs  somewhat  in  shape  from  the  trail 
handspike,  being  octagonal  in  the  middle;  and,  for  the  mechanical 
manoeuvres,  the  large  end  is  made  square,  and  at  the  end  taper* 
off  on  one  side,  so  as  to  allow  its  entrance  under  a  weight  in  get- 
ting a  purchase. 

This  handspike  is  used  with  all  heavy  pieces  for  traversing  the 
chassis  of  permanently  -established  pieces ;  for  running  the  ordi- 
nary barbette  pieces  to  and  from  battery,  and  also  for  the  same 
purpose  in  siege-batteries,  and  for  traversing  the  trails  in  these 
last. 

Shod  Handspike,  Fig.  209,  PI.  13. — For  service  with  the  gar- 
rison carriages  and  mortars,  it  is  found  advisable  to  place  an  iron 
shoe  uj)on  the  large  end  of  the  handspike,  to  make  it  take  a  better 
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hold  upon  the  platform,  especially  when  taking  a  very  short  pur- 
chase, in  which  case  the  ordinary  handspike  is  apt  to  slip.  The 
shoe  passes  entirely  around  the  end  of  the  handspike,  to  which  it 
is  fastened  by  three  rivets,  passing  entirely  through. 

All  of  these  handspikes  are  made  of  well-seasoned  hickory  or 
tough  oak. 

Pointing-stakes  or  wires  are  used  for  staking  out  the  line  of 
direction  for  mortar-firing.  Any  wooden  stakes  of  proper  size, 
may  be  made  use  of ;  one  long  one  for  placing  in  the  exterior 
slope,  a  short  one  for  the  interior  crest,  and  a  medium-sized  one 
for  the  rear  of  the  platform.  The  wires  are  made  twenty  inches 
long,  from  round  wire  0.2  in.  in  diameter. 

Plummet. — Two  of  the  pointing-wires  being  fixed  in  the  para- 
pet, as  near  as  possible  in  the  vertical  plane  passing  through  the 
object  and  middle  of  the  platform,  a  plummet,  which  consists 
6imply  of  a  cord  with  a  bullet  or  other  weight  attached  to  one 
end,  is  used  to  place  the  line  of  metal  in  the  same  plane. 

Pointino-Cord. — This  is  any  smooth  small  cord,  one  end  of 
which  is  attached  to  the  short  stake  in  the  interior  crest,  when 
pointing-stakes  arc  used,  and,  being  stretched  back  over  the  rear 
stake,  serves  to  direct  the  mortar;  the  plummet,  to  facilitate  the 
operation,  being  attached  to  it  just  in  rear  of  the  mortar,  or  held 
against  it  with  the  hand. 

Pointing-Board. — This  is  a  piece  of  board  notched  in  the 
middle  to  fit  on  the  rear  stake,  and  graduated  in  both  directions 
from  the  center,  for  the  purpose  of  correcting  the  fire  should  the 
shells  fall  to  the  right  or  left  of  the  object  fired  at.  This  is,  how- 
ever, of  little  importance  if  the  pointing-stakes  are  accurately 
placed,  as  placing  the  pointing-cord  to  the  right  or  left  of  the 
stake,  instead  of  over  the  center,  will  be  found  usually  a  sufficient 
corrective. 

Tuk  QroiN  is  simply  a  large  wedge,  used  in  place  of  an  ele- 
vating screw  under  the  chase  of  mortars  and  the  breech  of  short 
liowitzers,  to  keep  them  in  the  proper  position  when  elevating. 
It  has  a  handle  on  the  large  end,  by  which  it  is  moved. 

The  Chock  is  a  smaller  wedge,  with  a  handle  in  tho  side, 
used  for  chocking  the  wheels  of  the  chassis  of  permanently  estab- 
lished carriages,  when  the  piece  has  received  the  proper  direction. 
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Hammers,  Fig.  210,  PI.  13. — The  rammer-head  is  cylindrical 
in  shape,  made  of  beech,  elm,  or  other  hard  wood,  and  has  the 
corners  at  the  large  end  slightly  rounded.  It  is  bored  to  receive 
the  tenon  of  the  staff,  to  which  it  is  fastened  with  a  wooden  pin, 
and  around  the  neck  is  placed  a  copper  band. 

Rammer-heads  for  howitzers  are  countersunk  to  receive  the 
head  of  the  fuze,  and  prevent  its  being  injured  when  the  shell  is 
pushed  home. 

Sponge-heads,  Fig.  211,  PI.  13. — They  are  cylindrical,  the 
corners  at  both  ends  slightly  rounded,  and  are  bored  out  to 
receive  the  tenon  of  the  staff  to  which  they  are  fastened  with  two 
wooden  pins.   They  are  made  of  poplar,  elm,  <fcc. 

Sponges  are  made  of  woolen  yarn,  woven  into  a  warp  of  hemp 
or  flax-thread,  making  a  tissue  about  half  an  inch  thick,  which  is 
sewed  up  in  the  form  of  a  bag,  which  fits  the  sponge-head,  to 
which  it  is  fastened  with  copper  nails  driven  into  the  inner  end  of 
the  head,  near  the  staff,  a  strip  of  leather  being  put  under  the 
heads  of  the  nails  to  prevent  them  from  tearing  out. 

For  the  coehorn  mortar  the  sponge  is  attached  to  a  short  staff, 
no  rammer  or  sponge-heads  being  used. 

For  the  columbiads,  separate  woolen  sponges  are  provided  for 
wiping  the  chamber  and  the  bore.  Stiff  hair-brushes  are  also 
sometimes  used  with  these  pieces,  in  order  to  clean  them  more 
easily  and  thoroughly.  The  brushes  are  cylindrical,  with  hemi- 
spherical ends  made  to  fit  the  bore  or  chamber.  The  sponge- 
heads  for  these  pieces  must  also  be  made  hemispherical  at  the 
bottom. 

Staves,  for  sponges  and  rammers,  arc  made  of  tough  ash,  and 
are  turned  in  a  lathe,  with  tenons  and  shoulders  where  they  enter 
the  head. 

The  rammer  and  sponge  for  a  field  gun  or  howitzer,  or  mor- 
tar, or  the  8-inch  siege  howitzer,  are  attached  to  the  same  staff ; 
for  other  pieces,  they  are  on  different  staves,  being  thus  lighter  and 
more  convenient  to  handle. 

Sponqe-coveks,  to  protect  and  preserve  the  sponges,  are  made 
of  strong  linen  or  canvas,  painted.   The  diameter  of  the  bag  is 
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equal  to  that  of  the  bore  of  the  gun,  and  the  length  sufficient  to 
allow  the  mouth  to  be  drawn  together,  around  the  staff,  by  means 
of  a  cord  inserted  in  the  hem.  A  loop  of  canvas  sewed  to  the 
bottom,  serves  as  a  handle  by  which  to  pull  the  cover  off.  The 
covers  are  marked,  in  white,  with  the  caliber  of  the  piece  to 
which  they  belong. 

Loading-Tongs,  Fig.  212,  PI.  13,  for  placing  in  the  charge 
and  shell  of  8-inch  siege  howitzers,  are  formed  of  two  arms  so 
hinged  together,  that  the  bent  ends  of  the  short  arms  will  enter 
the  ears  of  the  shell,  and  the  grooved  and  widened  ends  of  the 
long  ones  will  clasp  between  them  the  cartridge.  The  implement 
is  made  of  such  '&  length,  that  the  cartridge  can  be  thrust  into  the 
chamber  by  reaching  in  one  hand,  holding  the  tongs  with  the 
cartridge  in  position. 

Shell-Hooks,  Fig.  213,  PI.  13. — For  mortar  and  other  heavy 
shells  which  cannot  easily  be  handled,  shell  hooks  are  used. 
These  consist  of  two  bent  iron  arms  connected  by  a  pivot ;  one 
end  of  each  is  bent  inwards  to  enter  the  ear  of  the  shell,  whilst 
the  other  ends  are  joined  to  a  handspike  ring,  by  two  small 
rings.  A  handspike  being  run  through  the  large  ring,  and  the 
lower  ends  of  the  arms  adjusted  to  the  ears,  of  the  shell,  these 
ends  approach  each  other,  taking  hold  of  the  shell  as  soon  as  the 
handspike  is  raised. 

IIavbesack. — To  prevent  accidents  whilst  the  cartridges  are 
being  carried  to  the  guns,  they  should  be  protected  by  some  kind 
of  a  covering.  For  this  purpose,  havresacks  are  used  with  field 
pieces  and  mortars,  and  sometimes  with  larger  guns.  They  are 
made  of  russet  bag  leather,  the  fronts  and  backs  being  connected 
by  gussets,  which  form  the  ends  and  bottoms  and  allow  the  bags 
to  be  folded  flat.  The  flap  is  of  the  same  piece  as  the  back,  folds 
down,  and  is  fastened  to  the  front  by  a  buckle  and  strap.  A  billet 
and  a  buckle-strap,  sewed  to  the  back  of  the  bag,  form  the 
shoulder-belt. 

Pass- Box. — This  is  a  box  used  to  carry  the  cartridges  to  guns 
in  garrison  or  sieges.  It  is  made  of  white  pine,  the  sides  and  ends 
dovetailed  together,  and  the  bottom  let  in  between  the  sides,  and 
nailed  to  them  and  the  ends.  The  top  is  fastened  on  with  two 
butt  hinges,  and  kept  closed  by  a  strong  hook  and  staple.  A 
wooden  handle  is  fastened  with  screws  diagonally  on  one  end,  by 
which  the  box  is  carried. 
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Bcdge-Babeel,  Fig.  214,  PI.  13. — This  is  a  strong  barrel, 
made  of  oak,  and  bound  with  copper  hoops.  To  protect  the  car- 
tridges placed  in  it,  and  at  the  same  time  give  easy  access  to 
them,  it  has  a  cover  made  of  bag-leather,  the  lower  edge  of  which 
is  fastened  under  the  top  hoop  by  copper  nails,  and  the  rivet* 
which  hold  the  hoop.  The  mouth  is  drawn  together  by  a  doable 
cord  passing  through  holes  in  the  leather  near  the  upper  edge. 
Each  cord  is  6'  long,  and  the  ends  pass  through  a  conical  hood  of 
bag-leather,  which  covers  the  mouth  when  drawn  together,  and 
protects  it  from  rain  or  sparks.  Fig.  214  represents  this  arrange- 
ment for  the  mouth.  The  budge-barrel  is  used  to  convey  car- 
tridges from  the  magazine  to  the  batteries,  for  the  purpose  of 
distributing  them  by  means  of  the  havresacks  or  pass-boxes  to 
different  pieces. 

Hot-Shot  Fork,  Fig.  215,  PI.  13. — Hot  shot  require  particu- 
lar implements  for  getting  them  from  the  furnace,  carrying  them 
to  the  pieces,  and  placing  them  in  the  muzzle.  The  fork  is  made 
of  iron,  fastened  to  a  wooden  handle,  and  is  used  to  pull  the  shot 
out  of  the  furnace.  It  has  two  prongs,  which  curve  inwards  and 
upwards,  so  as  to  retain  the  shot  between  them  when  once  in 
position. 

Ladles. — For  carrying  the  shot  to  the  pieces,  there  are  two 
kinds  of  ladles.  The  first,  Fig.  21G,  PI.  13,  consists  of  a  ring  and 
stem  of  iron,  fastened  to  a  wooden  handle  two  feet  long.  The 
inner  top  edge  of  the  ring  is  grooved  out  to  receive  the  6hot. 

The  other  ladle,  Fig.  217,  PI.  13,  for  carrying  the  largest  shot, 
consists  of  a  similar  ring,  to  which  stems  are  fixed  for  connecting 
one  single  and  one  double  handle,  so  that  two  men  can  be  em- 
ployed  to  carry  the  shot,  the  double  handle  being  to  prevent  the 
ladle  from  turning  over. 

Tongs,  Fig.  218,  PI.  13. — To  pick  up  any  shot  which  may 
fall  upon  the  ground,  iron  tongs,  joined  to  wooden  handles,  are 
used.  They  consist  of  two  arms  joined  by  a  pivot,  each  arm  ai 
its  lower  end  being  fastened  to  a  semi-circular  piece,  which  cla.*j> 
firmly  under  the  shot  when  the  handles  are  closed. 

Ladles,  Fig.  219,  PI.  13. — For  the  purpose  of  removing  the 
projectiles  from  guns,  when  it  is  not  desired  to  fire  them  off,  the 
common  ladle  is  used.  It  consists  of  a  ladle-head  made  of  the 
same  kind  of  wood  and  in  the  6ame  way  as  a  rammer-head,  and 
the  ladle  proper,  which  is  of  sheet-brass,  fastened  to  the  head  with 
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copper  nails.  Ladle-staves,  are  made  like  those  for  rammers  and 
sponges,  and  arc  fastened  to  the  heads  in  the  same  way,  with 
wooden  pins. 

Worms,  Fig.  220,  PI.  13. — These  are  made  of  iron,  twisted 
into  the  form  represented  in  the  figure,  with  a  socket  to  receive  the 
staff,  to  which  it  is  fastened  with  an  iron  rivet.  There  are  two 
sizes, — one  for  siege  and  garrison  guns,  the  other  for  field  artillery. 
They  are  used  for  withdrawing  cartridges,  rags,  &c.  from  the 
guns. 

Scraper,  Fig.  221,  PI.  13. — This  implement  is  used  to  scrape 
the  residue  of  powder  from  the  bore  of  mortars  and  howitzers, 
and  remove  it  from  the  piece.  It  consists  of  a  handle  of  iron, 
having  a  scraper  at  one  end,  and  a  spoon  for  collecting  dirt  at  the 
other,  both  being  made  of  steel. 

Dredging-Box,  Fig.  222,  PI.  13. — To  render  the  fuzes  of  mor- 
tar shell  more  certain  of  taking  fire,  meal-powder  is  sprinkled 
over  them,  after  the  shell  is  placed  in  the  mortar,  from  a  dredging- 
l»ox.  It  is  made  of  sheet  copper.  The  top  fits  over  the  box,  and 
is  pierced  with  holes  for  the  escape  of  the  powder. 


IMPLEMENTS  FOR  LOADING  SHELLS. 

Powder-Measures  arc  used  for  measuring,  not  only  the 
charges  for  shells,  but  also  those  for  the  pieces  themselves ;  but 
for  the  latter,  when  great  accuracy  is  required,  the  charges  should 
be  weighed.  They  are  made  of  sheet-copper,  and  cylindrical  in 
shape.  The  bottom  is  made  with  a  flange,  turned  downwards, 
and  is  soldered  to  the  sides. 

For  dimensions,  see  Appendix,  p.  31. 

Funnel. — This  is  made  of  sheet-copper,  and  is  used  for  pour- 
ing the  charges  from  the  powder-measure  into  the  shell.  It  is  of 
the  ordinary  shape,  the  upper  edge  being  turned  over,  outwards, 
to  stiffen  it. 

F r  ze-  S etter,  Fig.  223,  PI.  13,  for  setting  wooden  fuzes  in  the 
fuze-hole.  It  is  made  of  brass ;  the  bottom  is  countersunk  and 
cup-shaped,  to  prevent  it  from  slipping  off  from  the  head  of  the 
fuze. 
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Fuze-Mallet,  Fig.  224,  PL  13,  for  setting  the  fuze  home.  It 
is  cylindrical  in  shape,  with  a  handle  on  one  end,  and  is  turned 
out  of  one  piece  of  dogwood,  oak,  or  other  hard  wood. 

Fuze-Saw,  for  cutting  wooden  fuze  to  the  proper  length.  It 
is  a  common  10"  tenon  saw. 

Gunner's  Callipkrs,  Fig.  225,  PL  14,  are  made  of  sheet-brass, 
with  steel  points.  The  two  branches  are  connected  by  a  brass 
pivot,  fastened  on  the  upper  side  by  a  washer  and  screw.  To 
prevent  the  screw  from  working  loose,  the  upper  end  of  the  pivot 
and  the  hole  in  the  washer  are  made  square.  Besides  the  gradua- 
tions marked  in  the  drawing,  other  useful  data  may  be  engraved 
on  the  reverse  side. 

The  scale  of  inches  and  parts  on  the  edge  (see  Fig.)  is  used  for 
measuring  lengths  of  fuzes,  tfce.  The  callipers  are  also  used  to 
measure  the  diameter  of  shot  and  the  caliber  of  guns.  For  mea- 
suring shot,  the  points  are  placed  at  the  opposite  extremities  of  a 
diameter,  when  the  size  of  the  shot  is  shown  by  the  figures  placed 
on  the  small  arc  on  the  circular  part  of  the  arm  near  the  joint, 
the  inner  edge  of  the  other  arm,  or  a  mark  on  it,  coming  in  suc- 
cession opposite  the  different  points  which  mark  the  sizes.  To 
measure  the  caliber  of  a  gun,  the  position  of  the  points  is  reversed  ; 
they  are  pressed  against  the  sides  of  the  bore  at  the  extremities  of 
a  diameter,  and  the  caliber  is  read  off  from  the  line,  on  the  6cale 
marked  "guns,"  with  which  the  back  of  the  other  branch 
coincides.  The  graduations  on  the  scale  next  below  the  one 
marked  "  guns,"  will  give  the  diameters  in  inches.  Those  on  the 
outside  arc  of  the  arm  designate  degrees  and  parts  of  degrees. 

Fuze- Auger,  Fig.  226,  PL  14.  After  fuzes  are  set  in  position, 
it  sometimes  becomes  necessary  to  reduce  the  length  of  the  compo- 
sition column,  to  do  which  the  fuze-auger  is  employed.  It 
consists  of  a  steel  bit,  fastened  in  a  wooden  handle,,  at  the  lower 
end  of  which  is  a  brass  socket,  with  a  bar,  under  which  the 
graduated  limb  of  the  slider  moves.  The  bit  fits  into  the  slider, 
and  is,  by  a  steel  thumb-screw,  fastened  to  it  in  any  required 
position.  The  position  of  the  slider,  which  determines  the  depth 
to  which  the  auger  bores,  is  regulated  by  a  scale  attached  to  it 
by  a  screw. 

The  Shell  Pluo-Screw,  Fig.  227,  PL  14,  for  extracting  the 
corks  or  wooden  plugs  with  which  fuze-holes  are  stopped,  is  made 
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of  iron,  and  consists  of  a  ring  2"  in  diameter,  to  which  is  fastened 
a  strong  screw. 

The  Fuzk-Extractor,  Fig.  228,  PI.  14,  is  used  for  extracting 
wooden  fuzes  from  the  fuze-hole  when  they  have  been  too  firmly 
driven  to  be  withdrawn  in  any  other  way.  It  consists  of  an  inner 
screw  and,  stem  of  steel,  riveted  to  an  iron  handle,  and  contained 
in  a  hollow  steel  screw,  which  works  up  and  down  by  means  of 
an  iron  nut  with  two  handles.  The  hollow  screw  is  prevented 
from  turning  by  a  slot  and  a  feather  in  the  frame,  which  is  of 
brass.  The  nut  is  kept  in  place  by  four  iron  set  screws,  the  points 
of  which  enter  into  a  groove  in  the  nut.  To  extract  a  fuze,  the 
bottom  of  the  frame  is  placed  on  the  shell  over  the  fuze  head,  and 
the  inner  screw  screwed  into  the  fuze,  by  means  of  the  upper 
handle.  The  handles  of  the  nut  are  then  turned,  which  raises  the 
hollow  screw,  and  with  it  the  inner  screw  and  the  fuze. 

Portfire  Cutter,  for  cutting  portfires  to  place  in  the  shells  or 
fur  other  purposes.  It  is  simply  a  strong  pair  of  steel  scissors, 
with  an  indentation  1  in.  wide  and  .4  in.  deep  made  in  one  of  the 
blades  for  the  purpose  of  holding  the  portfire. 

PRIMING  AND  FIRING  IMPLEMENTS. 

Priming-Wire,  Fig.  229,  PI.  14,  for  pricking  the  cartridge 
before  priming  when  the  quill  or  metal  tubus  are  used.  It  is  made 
of  wire  a  little  less  in  diameter  than  the  vent,  sloping  to  a  point 
at  one  end,  and  at  the  other  bent  into  a  circle,  which  6erves  to 
hold  it  by,  as  well  as  prevent  it  from  slipping  through  the  loop  on 
the  tube  pouch,  where  it  is  carried  when  not  in  use. 

Gunner's  Gimlet,  E  Fig.  229,  PI.  14,  is  of  the  same  form  and 
size,  except  that  at  the  point  a  small  screw  is  formed.  It  is  used 
for  boring  out  plugs  which  may  have  been  inserted  in  the  vent, 
or  the  stems  of  priming-tubes  which  may  have  become  wedged 
in  there. 

Vent-Punch,  Fig.  230,  PI.  14.— Sometimes  these  obstructions 
cannot  be  withdrawn  by  the  gimlet,  or  an  iron  plug  may  have 
been  inserted,  in  which  case  it  is  forced  in  with  the  vent-punch. 
This  is  a  short  wire  of  the  same  size  as  the  preceding,  cut  off 
square  at  one  end,  and  with  the  other  brazed  into  an  iron  head. 
The  head  has  a  hole  in  it,  through  which  a  nail  or  piece  of 
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wire  may  be  inserted,  to  aid  in  withdrawing  the  punch  from 
the  vent. 

Gunner's  Pincers,  Fig.  231,  PI.  14.— If  the  obstruction  in  the 
vent  projects  beyond  the  surface  of  the  gun,  or  has  a  head,  it  may 
be  withdrawn  with  the  gunner's  pincers,  which  are  made  of  iron 
with  steel  jaws,  and  have  on  the  end  of  one  of  the  arms  a  claw  for 
drawing  nails,  &c. 

Lanyard  and  Hook,  Fig.  232,  PI.  14. — The  almost  universal 
methods  of  firing  cannons  now  is  by  means  of  friction-tubes,  the 
only  implement  required  being  a  lanyard,  or  cord  of  suitable 
length  fixed  at  one  end  to  a  wooden  handle  on  which  it  is  wound 
when  not  in  use,  and  having  at  the  other  end  a  small  hook  which 
enters  the  eye  of  the  tube.  When  quick-match  is  used  for  priming, 
it  is  usually  set  fire  to  by  using  a  piece  of  lighted  slow-match  held 
in  a  linstock,  which  is  a  short  staff  of  oak  or  ash  with  a  pointed 
ferrule  to  stick  in  the  ground,  and  near  the  head  a  hole  through 
which  passes  the  end  of  the  slow  match. 

Tube-Pouch,  Fig.  233,  PI.  14,  for  containing  the  friction-tube*, 
lanyard,  and  thumb-stall,  and  carrying  the  priming-wire  and  gun- 
ner's gimlet.  The  sides  and  ends  are  made  of  russet  sole-leather.  It 
has  two  covers,  the  inner  one  having  end-pieces  sewed  to  it  which 
shut  over  the  ends  of  the  pouch.  The  outer  one  or  flap  is  of  the 
same  piece  as  the  back,  and  is  fastened  down  by  a  strap  to  a  brass 
button  riveted  to  the  bottom  of  the  pouch.  It  is  provided  with 
a  waist-belt,  which  passes  through  two  loops  sewed  to  the  back  of 
the  pouch.  Two  small  loops  sewed  to  the  inside  of  the  flap-serve 
for  carrying  the  priming-wire  and  gimlet. 

Thumb-Stall,  Fig.  234,  PI.  14,  is  made  of  buckskin,  with  the 
pad  stuffed  with  hair,  and  a  string  at  the  end  also  of  buckskia, 
to  tie  around  the  wrist.  It  is  used  to  stop  securely  the  vent  whilst 
the  piece  is  being  loaded. 

Besides  the  implements  described  in  the  foregoing  classes, 
there  are  others  which  are  used  with  the  pieces  in  managing 
them,  and  which  will  now  be  described. 

Roller  Handspike. — This  is  for  working  the  eccentric  rollers 
of  casemate  carriages,  and  is  made  of  round  iron  tapering  to  fit 
the  mortise  in  the  eccentric.  It  may  be  made  single  like  a  truck 
handspike,  or  with  two  branches  to  fit  in  both  mortises  of  the 
roller  at  the  same  time. 
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Tkitk  IlAXMriKE,  for  use  with  casemate  carriages  in  running 
them  from  batter)'.  It  is  made  of  round  iron,  tapered  to  fit  the 
mortise*  in  the  |>eriphcry  of  the  gun-carriage  trucks. 

Pkou>ngk,  Kig.  235,  PI.  14.— It  is  made  of  3f  hemp  rope.  A 
UyyU-  is  fastened  to  one  end  by  three  rings  and  a  thimblry  which  is 
worked  into  the  rope;  another  thimble  holds  a  hinJc  at  the  other 
end  of  the  rope ;  the  uplice  at  each  end  is  bewed  with  marline. 
Two  rings  are  lashed  to  the  prolonge  with  \ '  marline,  for  which 
purjMise  they  have  a  straight  side,  which  U  made  to  fit  the  pro- 
longe-ro|K>.  The  prolongs  is  u*cd  with  field  pieces  to  attach  the 
gun  to  the  limber  when  firing  in  retreat,  or  advancing,  instead  of 
limbering  up;  for  the  name  purj»ose  in  crossing  ditcher;  for  slinging 
a  piece  to  a  limber;  f •  r  righting  carriages  when  u|*ct,  and  for 
various  other  purjvoscs.  It  is  5fC  7"  long,  and  is  carried  wound 
around  the  prolongc-h<»ok*  on  the  trail  of  the  piece. 

1)rao  Hope,  Kig.  23o\  PI.  14.  This  is  a  4  hemp  rope,  with  a 
thimble  worked  into  each  end,  one  of  the  thimble*  carrying  a 
hook.  Six  handles,  made  of  oak  or  ash,  are  put  in  between  tho 
strand*  of  the  rope,  and  lashed  with  marline.  It  i*  used  to  assist 
in  extricating  carriages  from  different  ]**itionfi,  by  the  men,  for 
dragging  pieces,  tVc.    Length  2*  feet. 

MfsT*  IIah.n^,  Fig.  237,  PI.  14,  is  made  of  4'  rope,  with  two 
thimbles  and  a  hook  like  the  drag-rope.  Six  loops,  made  of  bag- 
leather,  aro  attached  to  the  pipe  in  pairs,  by  mean*  of  knots 
worked  in  the  rope,  or  by  leather  collars  tewed  to  it  with  strong 
twine.  A*  implied  by  its  name,  it  in  intcd  for  barneying  tlie  men 
to  the  piece*,  under  ci  remittances  where  hoi>es  cannot  lie  used, 
as  in  dragging  them  up  very  uteep  accent*,  A'c.    le  ngth  1*  feet. 

V«rr  (  <>vu- It  i*  made  of  black  bridle-leather,  and  uh*1  to 
•trap  over  and  protect  the  vent  of  a  piece;  a  pin  of  coj.jkt  or 
bra»«,  fimt eiu*d  by  two  rivet**,  enters  tlie  vent,  to  prevent  the  cover 
from  clipping.  It  i»  fuMeticd  to  the  pieec  by  a  buckle  and  ft  trap, 
the  latter  pacing  around  the  bntch,  tlie  length  of  it  deluding 
uj«on  the  »izu  of  the  gun. 

Tow- Hook,  Kig.  '.'.'i*.  PI.  14. — It  in  made  of  round  iron,  with  a 
hook  at  one  end,  and  a  *mall  hammer  welded  to  the  other.  It  u 
u»ed  for  unpacking  the  ammunition  chc*t«  of  fiebl-carTiages,  the 
hammer  being  u.m^I  for  making  any  repairs  ou  tlie  Mrsp^d  ►hot 
and  nhell  and  fixed  ammunition,  which  may  bo  found  necessary, 
or  for  any  other  purpose. 
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Sponge  Bucket,  Fig.  239,  PI.  14,  for  field-gun  carriages.  It  is 
made  of  sheet-iron.  The  top  and  bottom  are  turned  over  the 
sides  and  fastened  with  rivets ;  or  the  bottom  may  be  fastened  to 
the  sides  by  a  double  fold,  and  stiffened  with  a  hoop  shrunk  on 
above  the  seam. 

The  Float  is  of  wood,  fastened  by  two  rivets  to  a  cross-bar, 
and  is  put  in  before  the  top  is  fastened  on.  It  serves  as  a  cover  to 
the  bucket,  by  turning  it  after  the  ends  of  the  bar  are  drawn 
through  the  openings  left  for  them  in  the  top.  The  handle  of  the 
float  is  fastened  to  it  with  two  rivets,  and  is  connected  with  the 
bail  or  handle  of  the  bucket,  by  two  rings  and  a  chain.  The  bail 
is  fastened  to  the  bucket  by  two  ears  which  are  riveted  to  the 
sides.  A  toggle  is  fastened  to  the  top  of  the  bail  by  two  links  and 
a  swivel,  and  is  used  to  attach  the  bucket  to  the  eye  of  the  axle- 
strap  on  the  gun-carriage.  This  bucket  is  used  to  contain  water 
for  dipping  the  sponge  in  when  washing  out  the  pieces. 

Tab-Bucket,  Fig.  240,  PI.  14. — It  is  made  of  sheet-iron,  and 
in  the  same  manner  as  the  sponge-bucket.  The  cover  is  fastened 
to  the  top  by  a  rivet,  on  which  it  turns,  and  is  kept  closed  by 
shutting  over  a  stud  riveted  into  the  top  of  the  bucket.  The  ears 
are,  as  in  the  other,  riveted  to  the  sides  of  the  bucket,  and  a  ring 
for  suspending  the  bucket  on  its  hook,  is  connected  with  the  ears 
by  two  chains  and  hooks.  The  bucket  is  used  for  carrying  tar 
along  with  the  pieces,  for  use  on  marches. 

Water-Bucket,  Fig.  241,  PI.  14,  for  forge  and  battery  wagons. 
It  is  made  of  a  bottom  and  staves  of  oak,  hooped  with  three  iron 
hoops,  riveted  at  the  ends  and  to  the  bucket.  The  ears  are  let  into 
the  sides,  and  secured  each  with  a  rivet.  The  ends  of  the  bail  are 
bent  and  hooked  into  the  ears,  and  at  topis  connected  by  a  swivel 
to  a  single  link. 

These  buckets  are  now  made  of  leather,  the  seams  sewed  and 
riveted  together,  and  the  whole  painted.  This  makes  a  much 
lighter,  and  quite  as  durable  a  bucket. 

"Water-Bucket,  Fig.  242,  PI.  14,  for  garrison  service.  With 
some  modifications  in  the  form,  this  bucket  is  made  in  a  similar 
manner  to  the  preceding,  but  the  handle  has  no  link  and  swivel 
attached  to  it. 
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CHAPTER  XI. 

AMMUNITION. 

The  term  ammunition  comprises  the  charges  of  powder  and 
projectiles  required  either  in  the  use  of  small  arms  or  of  can- 
non, prepared  and  ready  to  be  placed  in  the  piece;  and  in  a 
more  extended  sense,  is  applied  to  all  the  stores,  «fcc,  used  with 
the  arms. 

Firkworks. — By  the  term  fireworks  is  meant  the  different 
pyrotechnical  preparations  used  in  warfare.  They  are  divided 
into,  such  as  arc  used  to  communicate  fire  to  the  charge  in  a  gun ; 
fuzes,  which  are  used  to  communicate  fire  to  the  charge  in  hollow 
projectiles;  war  and  signal  rockets  /  fire  and  light  balls. 

Made-up. — In  our  service  the  ammunition  and  fireworks  are 
made  up  in  the  arsenals,  under  charge  of  the  ordnance  depart- 
ment. Great  care  should  be  taken  in  their  manufacture,  espe- 
cially in  regard  to  some  of  the  most  inflammable. 

The  buildings  should  be  as  light  as  possible,  in  order  to  lessen 
the  effect  of  an  explosion  ;  and  the  use  of  iron  is  avoided  as  much 
as  possible  in  making  them,  and  the  tables,  fixtures,  and  tools  to 
be  used.  If  iron  nails  are  used  in  the  floors,  the  heads  should  be 
driven  below  the  surface  and  covered  with  putty;  and  as  further 
precautions,  use  oil-cloths  or  carpets,  and  have  them  frequently 
swept.  In  rooms  where  powder  is  used,  the  men  should  be  made 
to  wear  socks  or,  better  still,  slippers  which  are  not  worn  out  of 
the  room.  No  more  powder  than  is  necessary  is  kept  in  the  labo- 
ratory at  a  time,  and  the  ammunition,  &c,  when  finished,  is  taken 
to  the  magazine.  Powder-barrels  and  ammunition-boxes  must 
be  carried,  when  moved,  in  hand-barrows,  and  not  rolled  or 
dragged  along  the  floor.    Rockrts,  port-fires,  fuzes,  <fcc,  should 
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be  driven  in  rooms  by  themselves,  and  where  no  powder  or  com- 
position is  present  except  that  in  use. 

Ammunition  for  Field  Seevice. — This  consists  of  the  charge 
of  powder  contained  in  a  cartridge-bag,  either  fixed  to  or  separate 
from  the  projectile. 

Cartridge-Bags. — The  cartridge-bag  should  be  made  of  wild- 
bore,  merino,  or  bombazette,  which  should  be  composed  entirely 
of  wool,  free  from  any  mixture  of  thread  or  cotton,  which  would 
be  apt  to  retain  fire  in  the  piece.  The  texture  and  sewing  should 
be  close  enough  to  prevent  the  powder  sifting  through.  Un- 
twilled  stuff  is  to  be  preferred.  Flannel  may  be  used  when  the 
other  materials  cannot  be  obtained. 

The  bag  is  formed  of  two  pieces,  a  rectangle,  which  forms  the 
cylinder,  and  a  circular  piece  which  forms  the  bottom.  As  the 
stuff  does  not  stretch  in  the  direction  of  its  length,  the  long  side 
of  the  rectangle  should  be  taken  in  that  direction,  otherwise,  the 
cartridge  might  become  too  large  for  convenient  use  with  its 
piece. 

The  material  is  laid,  sometimes  several  folds  thick,  on  a  table, 
and  the  rectangles  and  circles  marked  out  on  it  with  chalk,  using 
for  the  purpose,  patterns  made  of  hard,  well-seasoned  wood,  sheet- 
iron,  or  tin.  (For  the  dimensions  of  these  patterns,  see  table,  p. 
30,  of  the  Appendix.)   The  pieces  are  then  cut  out  with  scissor*. 

The  short  sides  of  the  rectangle  are  sewed  together,  allowing 
half  an  inch  for  seams,  and  the  bottom  sewed  in  with  the 
same  allowance.  The  sewing  is  done  witli  woolen  yarn,  twelve 
stitches  to  the  inch.  The  two  edges  of  a  seam  arc  turned 
down  on  the  same  side  and  basted  to  prevent  the  powder  from 
sifting  through.  The  bottom  edges  are  basted  down  on  the  sides. 
Bags  to  be  used  with  fixed  ammunition  are  not  sewed  all  the  war 
to  the  top.  They  should,  when  filled,  pass  through  the  small 
shot-guago  of  their  caliber,  and  while  empty,  are  verified  hr 
comparing  them  with  a  pattern,  or  having  two  marks  on  the  table 
between  which  they  should  fit. 

Blank-cartridge  Bags,  or  those  intended  for  immediate  use, 
may  be  made  of  two  rectangular  pieces  with  semi-cireular  ends 
sowed  together.  The  pieces  are  marked  out  with  stamps  made  of 
one-inch  board  with  a  handle  in  the  middle  of  one  side,  and  on 
the  other  two  projecting  rims  of  copper  or  tin,  parallel  to  each 
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other,  and  half  an  inch  apart.  The  outer  one  being  at  the  edge 
of  the  board,  marks  where  the  stuff  is  to  be  cut,  while  the  inner 
marks  the  sewing  line.  The  bottoms  of  these  rims  are  roughened 
to  retain  the  chalk  or  paste  used  for  marking.  (See  page  32, 
Appendix.) 

Packing  and  Preskrvino. — The  bags  are  preserved  from  moth 
by  being  packed  with  pounded  camphor  and  black  pepper,  or 
dipped  in  water  with  arsenic  dissolved  in  it,  and  then  dried.  Or 
they  may  be  sealed  up  in  packages  of  50,  in  cases  made  of  car- 
tridge paper,  with  the  seams  carefully  closed  by  pasting  over 
them  strips  of  thin  paper.  Each  package  is  marked  with  the 
number  and  kind  of  bags. 

They  may  be  protected  from  moisture  by  being  enveloped  in 
water-proof  paper,  and  inclosed  in  barrels  or  boxes,  like  car- 
tridges for  small  arms. 

Fillino. — When  special  accuracy  is  required,  charges  are  care- 
fully weighed  in  delicate  scales ;  but  usually  the  bags  are  tilled 
by  measurement.  For  this  purpose,  14  cylindrical,  copper  pow- 
der-measures are  provided,  each  containing  a  known  quantity  of 
powder.  (See  Appendix,  p.31 .)  Each  different  kind  is  filled  by 
itself.  (See  Appendix,  p.  31,  for  charges.)  Blank  cartridges, 
and  those  for  the  12-pd.  gun,  are  6imply  tied  firmly  about  the 
throat  with  twine.  Those  for  fixed  ammunition  are  left  open 
until  the  projectiles  are  ready.  Those  for  the  24-pd.  and  32-pd. 
howitzers  being  used  separate  from  the  projectiles,  arc  fixed  to 
cartridge-blocks,  to  give  them  a  better  finish,  to  help  fill  the 
chamber,  and  to  prevent  them  from  turning  in  the  bore  when  the 
piece  is  being  loaded.  These  blocks,  Fig.  166,  arc  cylindrical  in 
ghape,  with  one  groove,  and  the  height  depends  upon  the  charge 
used.  The  grooved  end  is  inserted  in  the  mouth  of  the  bag  rest- 
ing on  the  powder,  and  the  bag  being  pulled  up  over  it,  a  tie  is 
made  with  a  piece  of  twino  in  the  groove.  The  mouth  of  the  bag 
is  then  turned  down,  and  another  tie  made  over  it,  between  the 
block  and  the  powder,  which  prevents  the  powder  from  working 
up  between  the  block  and  the  bag.  The  superfluous  part  of  the 
bag  is  then  cut  off,  and  the  cartridge  covered  with  its  cylinder 
and  capy  which  will  be  described  hereafter.  The  cartridge  blocks 
arc  made  of  poplar,  Iinden,or  other  soft  wood.  (For  dimensions, 
see  Appendix,  p.  32.) 
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Tire  Sabot,  Fig.  164,  for  guns,  is  cylindrical  or  nearly 
so,  in  shape,  and  for  the  howitzers,  conical.    It   44  OT m 
is  made  of  the  same  woods  as  the  cartridge-block, 
and  should  be  clear  of  knots  and  splits,  and  well 
seasoned. 

Sabots  for  shot  and  spherical  case  for  guns 
have  one  groove  for  attaching  the  cartridge ; 
those  for  gun  canisters  and  for  the  12-pd.  how- 
itzer shells,  spherical  case,  and  canister  have  two 
grooves.  A,  Fig.  164.    Sabots  for  the  32-pd.  and 
24-pd.   howitzers,  Fig.   243,   have  no 
grooves,  but  are  furnished  with  han- 
dles made  of  a  piece  of  cord,  passing 
through  two  holes,  and  fastened  by  knots 
countersunk  on  the  inside.    (For  dimen- 
sions, see  p.  34.) 

The  sabots  are  fastened  to  shot  and 
shells  with  strips  of  sheet  tin,  which  are 
cut  with  shears,  and  straightened  with  a 
wooden  mallet  on  a  block  of  lead. 

For  shot,  there  are  two  straps  cross- 
ing at  right  angles,  Fig.  244,  one  passing 
through  a  slit  in  the  middle  of  the 
other.    For  shells,  there  are  four  straps 

soldered  to  a  ring  of  tin, 
or  fastened  to  it  by  cut- 
ting four  slits  iu  the  ring, 
into  which  the  upper 
ends  of  the  straps  are 

hooked  and  turned  down  on  the  inside  of  the 
ring.    Fig.  245. 

Strappkd  Shot  and  Shell. — To  prepare  these 
a  helper  knocks  off  the  scales  from  the  balls  with 
a  hammer,  cleans  and  dries  the  interior  of  the 
shells  if  requisite,  wipes  the  balls,  and  gauge* 
them  both  before  and  after  they  are  strapped. 
The  workman  inserts  the  roughest  part  of  the 
shot  in  the  cavity  of  the  sabot,  and  strikes  & 
^  few  blows  on  the  bottom  of  tho  sabot  to 
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make  the  shot  enter;  he  can  tell  by  the 
sound  if  the  shot  touches  the  bottom  of  the 
cavity  ;  if  it  does  not  touch,  he  tries  another 
sabot.  With  the  edge  of  the  hammer  he 
bends  one  end  of  the  strap  which  is  not  slit 
into  the  groove  of  the  sabot,  punches  and 
nails  it ;  he  fastens  the  other  end  in  the  same 
manner,  cutting  off  the  superfluous  length  ; 
he  then  nails  the  other  strap,  and  with  his 
hammer  sets  them  both  in,  close  to  the  ball, 
at  the  top  of  the  sabot. 

The  sabots  for  32  and  24-pounder  field 
howitzers  having  no  groove,  Fig.  245,  each 
strap  is  fastened  by  one  nail  on  the  side  and 
two  under  tho  bottom  of  the  sabot.  Two 
men  can  strap,  in  ten  hours,  130  shot,  or  75 
shells,  cutting  the  tin  from  the  sheet. 

If  tin  or  sheet  iron  cannot  be  procured, 
straps  may  be  made  of  strong  canvas,  one  u.pd.  now.  gb«it  or  sPh.  cm«. 
inch  wide,  sewed  at  the  point  of  crossing.  ri«  ««. 

The  part  of  the  ball  which  is  to  be  inserted 
into  the  sabot  is  dipped  in  glue ;  the  straps 
are  also  glued  to  the  ball ;  the  ends  are 
doubled  into  the  groove,  and  secured  by  two 
nails  in  each  end.  Another  method  is  to 
wrap  round  the  ball  a  band  of  canvas,  one 
inch  wide,  one  half  of  which  is  glued  to  the 
ball,  the  other  to  the  sabot. 

When  the  shot  is  attached  to  the  sabot  by 
a  single  band  of  canvas,  or  when  it  is  placed 
in  the  sabot  without  any  strap,  the  cartridge- 
bag  is  drawn  over  it,  and  tied  on  top ;  for 
this  purpose  the  bag  should  have  an  addi- 
tional length  of  from  2£  to  3  inches. 

When  sabots  cannot  bo  obtained,  place 
upon  the  powder  a  layer  of  tow,  about  0.2 
in.  thick,  forming  a  bed  for  the  shot ;  tie  the 
bag  over  the  shot  and  around  the  tow  ;  the  s  *ad  li-pd. 
bag  requires  to  be  one  inch  longer  than  for  fit.  m 

strapped  shot. 
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Tlie  shells  must  be  properly  cleaned  and  dried  before  being 
attached  to  the  sabots. 

Fuze-Plugs,  Fig.  248. — The  fuzes  for  field  shells 
and  spherical  case  are  inserted,  at  the  moment  of 
loading  the  gun,  into  wooden  fuze-plugt,  previously 
driven  into  the  shells. 

These  plugs  are  made  of  beech,  perfectly  seasoned  n«- 
and  dried,  so  that  they  may  not  shrink  after  they  are  driven. 

(For  dimensions,  see  Appendix,  p.  34.) 

Loading  Shells. — They  are  set  up  on  their  sabots,  the  charge* 
measured  out  in  the  proper  powder-measure,  and  poured  in  through 
a  copper  funnel.  The  fuze-plugs  are  then  driven  in  with  a  mallet, 
allowing  the  tops  to  project  about  0.1  of  an  inch,  care  beia^ 
taken  not  to  split  them.  The  holes  in  the  plugs  are  then  care- 
fully reamed  out,  and  stopped  with  tow  wads,  which  are  prc*$od 
in  firmly  with  a  round  stick. 

(For  charges,  see  Appendix,  p.  35.) 

Loading  Schrafnell,  or  Spherical-Case  Shot. — The  shot 
having  been  cleaned  and  strapped  to  the  sabot,  the  balls  are 
placed  in.  In  the  Baden  service,  before  this  is  done,  the  balls  and 
inside  of  the  shot  are  given  a  coating  of  a  kind  of  oil  (colza),  the 
object  being  to  facilitate  the  loading,  the  formation  of  the  powder- 
chamber,  and  the  flowing  of  the  sulphur.  It  prevents,  also,  the 
formation  of  cavities  by  the  6ulphur  and  the  adhesion  of  it  to  the 
balls  after  the  explosion  takes  place.  This  last  is  a  very  important 
point,  since  a  serious  defect  in  schrapnells  loaded  with  sulphur, 
arises  from  the  balls  adhering  together  and  not  scattering  suifi- 
ciently. 

Formerly  the  powder  was  placed  in  loose,  with  the  balls ;  but 
this  arrangement  was  very  liable  to  accidents,  aud  if  the  powder 
remained  in  for  any  length  of  time  before  being  used,  it  was 
ground  up  and  became  otherwise  impaired.  Loading  with  sul- 
phur obviates  all  these  difficulties,  and  is  now  almost  universally 
adopted. 

The  balls  being  inserted,  a  stick  a  little  less  in  diameter  than 
the  fuze-hole,  and  having  a  groove  on  each  6ide  of  it,  is  inserted 
and  pushed  to  the  bottom  of  the  chamber  by  working  the  ball* 
aside.  A  better  way  is  to  make  an  opening  through  the  ball* 
with  a  stick,  and  then  insert  an  iron  spindle  in  three  parts,  the 
outside  pieces  being  inserted  first,  and  then  the  middle  part. 
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which  is  narrower  than  the  others,  being  forced  in  between,  like 
a  wedge,  leaving  on  each  side  of  it  an  opening  for  the  entrance  of 
the  sulphur.* 

The  shot  is  now  placed  in  a  sand-bath  or  oven,  and  brought  to 
a  proper  temperature,  which  may  be  determined  either  by  a 
thermometer  or  by  making  use  of  bars  of  fusible  alloys,  composed 
as  follows : — 

For  the  max.  tern-  (  5  part*  of  tin.  (  For  the  min.  tern-  C  8  part*  of  tin. 

jyeMtur*  J  a    "        lend.        J     perature  ^8     "    "  lead. 

(  5    "     "  bismuth.  (  (  5     "    u  biwnuth. 

The  shot  is  at  the  proper  temperature  to  receive  the  6ulphur 
when  the  last  alloy,  being  brought  in  contact  with  it,  melts  easily 
and  the  first  melts  with  difficulty. 

The  melted  sulphur  is  then  poured  in  to  fill  up  the  interstices 
between  the  balls,  the  6hot  allowed  to  cool,  and  the  sulphur  to 
harden,  when  the  stick  or  iron  spindle  is  withdrawn,  and  the  sul- 
phur adhering  to  the  sides  of  the  eye  and  surface  of  the  shot  is 
removed.  It  is  scarcely  necessary  to  state,  that  case  shot  loaded 
in  this  way  are  not  attached  to  the  sabot  until  afterwards. 

If  a  fuze-plug  and  paper  fuze  are  to  be  used,  the  charge  is 
placed  in  and  the  plug  inserted  exactly  as  for  a  shell ;  but  if,  as 
is  most  likelv  to  be  the  case,  the  I'oarmann  fuze  is  to  be  used,  the 
charge  is  inserted  and  the  stopper  and  fuze  screwed  into  their 
places,  care  being  taken  before  placing  the  fuze  in  position,  to 
puncture  the  covering  of  the  magazine,  so  that  the  fire  can  com- 
municate with  the  charge. 

(F<»r  charges,  see  Appendix,  p.  35.) 

The  use  of  grape-shot  for  field  pieces  has  been  discontinued 
for  a  number  of  years,  it  being  considered  that  for  the  ranges  of 
that  kind  of  artillery,  the  shot  of  which  canisters  are  made,  arc 
lurge  enough,  and  the  canister  possesses  the  advantages  of  strik- 
ing a  great  many  more  points  at  one  discharge  than  grape.  There 
is  an  advantage,  too,  in  not  having  so  many  different  kinds  of 
ammunition  for  a  piece. 

Canistkr  Shot,  Fig.  24r>. — To  form  the  cylinder  for  canister 
shot,  the  tin  is  lapped  about  5  inches  and  soldered.    It  is  then  fast- 


•  Th«  other  and  b-tUr  method  of  loading  *.hrapn«-ll  nhut  ha*  Wen  deacobed 
elae  where. 
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ened  to  the  sabot  with  6  or  8 
nails,  and  a  plate  of  rolled  iron 
is  placed  at  the  bottom  on  the 
sabot. 

The  exterior  diameter  of 
each  canister  must  be  verified 
with  the  maximum  shot  gauge, 
and  the  interior  with  a  cylin-  r~ 
der  of  a  diameter  0.02  in.  less 
than  that  given  in  the  table 
(see  Appendix,  p.  35),  which  _ 
should  enter  the  canister. 

Before  filling,  dip  the  cyl- 
inder in  a  lacker  of  bees-wax,  ^ 
dissolved  in  spirits  of  turpen- 
tine to  prevent  it  from  rusting.  «f-  2*». 
Give  the  balls  and  plates  a  coat  of  paint  or  coal-tar.  To  fill  the 
canister,  place  it  upright  on  its  sabot ;  put  in  a  tier  of  balls, 
filling  the  interstices  with  dry,  sifted  saw-dust,  packing  it 
with  a  pointed  stick,  so  that  the  balls  will  hold  by  them- 
selves when  the  case  is  turned  over ;  and  throw  out  the  loose 
saw-dust.  Place  another  tier  of  balls  and  proceed  in  the  same 
way  until  the  canister  is  filled  ;  cover  the  top  tier  with  a  layer  of 
saw-dust  and  put  on  the  cover,  which  is  a  circular  plate  of  sheet- 
iron,  settling  it  well  with  a  mallet  in  order  to  compress  the  saw- 
dust. The  top  of  the  cylinder  is  cut  into  slits  about  5  in.  long, 
which  are  turned  down  over  the  cover,  thus  securing  it.  After 
it  is  finished,  the  diameter  of  the  canister  should  be  verified  with 
the  maximum  gauge  of  its  caliber. 

Fixed  Ammunition. — This  term  is  applied  to  the  powder-charge 
and  projectile  when  fixed  together,  forming  thus  one  charge  or 
round,  which  is  inserted  in  the  gun  at  the  same  time.  All  the 
ammunition  for  the  field  guns  and  12-pd.  howitzer  is  fixed. 
That  used  with  the  24-pd.  and  32-pd.  howitzers  is  in  two  parts. 

Shot  Fixed. — The  bags  being  filled,  shaken,  and  gauged,  are 
carried  to  the  finishing-room.  The  mouths  of  the  bag  are  twisted 
and  pressed  down  on  the  powder  so  as  to  settle  it ;  and  the  car- 
tridges are  then  placed  upright  in  a  tub  or  box  near  the  workmen, 
who  are  placed  in  pairs  facing  each  other  and  seated  on  benches. 
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One  of  them  opens  the  bag  and  levels  the  powder,  and  the 
other  inserts  the  sabot  of  a  strapped  6hot  square  upon  the  powder 
and  draws  up  the  mouth  of  the  bag  over  the  shot.  The  first  now 
takes  a  stick  with  an  eyo  bored  through  it,  and  passes  about  4 
feet  of  twine  through  the  eye,  making  two  turns  and  a  double 
hitch  at  the  top  of  the  6abot,  between  that  and  the  ball.  He 
makes  a  knot  in  the  end  of  the  twine,  inserts  it  in  a  slit  made  in 
another  stick,  and  tightens  the  double  hitch  by  rolling  the  twine 
on  the  sticks,  and  bearing  on  the  sabot ;  he  then  takes  out  the  end 
of  the  twine  from  the  slit,  ties  it  with  a  hard  knot,  which  he 
tightens  with  the  assistance  of  the  sticks,  and  cuts  the  twine  off 
near  the  knot.  The  second  man  turns  down,  the  mouth  of  the 
bag  over  the  sabot,  and  the  first  makes  a  similar  tie  in  the  groove, 
and  another  below  the  sabot,  the  twine  being  lodged  between  it 
and  the  powder.  The  paper  cylinder  is  then  run  over  the  car- 
tridge and  6abot,  leaving  about  2  inches  of  the  end  of  the  car- 
tridge uncovered,  and  tied  in  the  groove  of  the  sabot  with  a  tie 
like  the  others.  The  shot  is  then  examined  to  see  that  the  sabot 
is  properly  fixed  and  straight,  on  the  same  axis  with  the  cartridge, 
and  straightened  if  necessary.  The  seams  of  the  bag  should  be 
between  two  straps  and  the  knots,  neither  on  the  seams  nor  the 
straps.    Fig.  165. 

The  cartridge  is  now  passed  through  the  large  guage,  which 
is  O.04  in.  larger  than  the  large  shot-guagc;  and  if  found  of  the 
right  size,  the  paper  cap  is  put  on,  the  cartridge  laid  on  its  side 
in  a  box,  and  afterwards  carried  to  the  magazine.  Those  cart- 
ridges which  will  not  pass  through  the  guage  are  returned  to  the 
men,  who  cut  the  strings,  and  put  them  up  anew. 

Fixed  Canibter. — Canisters  are  fixed  in  the  same  way  as  shot, 
except  that  with  the  canister,  its  sabot  having  two  grooves,  the 
first  tie  is  made  in  the  upper  one.  The  paper  cylinder  is  tied  in 
the  lower  groove.  The  caps  are  made  somewhat  shorter  than 
those  for  shot-cartridges.    Figs.  240  and  165. 

Fixed  Shells,  and  Spherical  Case,  for  12-Pd.  Howitzer. — 
The  shells  and  spherical  case  arc  fixed  in  the  same  manner  as  the 
canisters.    Fig.  246. 

For  the  Mountain  Howitzer. — The  sabot  having  but  one 
groove,  the  first  tie  is  omitted,  and  the  cartridge  is  covered  with 
a  cap  only. 
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The  great  advantage  in  having  fixed  ammunition,  is  the 
facility  and  certainty  in  loading ;  and  were  it  not  for  the  fact  that 
it  would  become  entirely  too  unwieldy  for  prompt  and  convenient 
handling,  it  would  be  well  to  have  all  field  ammunition  fixed. 
(See  Appendix,  p.  36.) 

Cylinders  and  Caps. — For  the  greater  security  of  field  ammu- 
nition, the  cartridges  are  covered  with  paper  cylinders  and  caps. 
They  are  both  made  together  on  the  same  former,  which  is  a  piece 
of  board  with  slightly  inclined  6ides,  and  rounded  edges.  Around 
this  former  the  paper  is  placed,  and  lapped  }  of  an  in.  for  pasting. 
The  requisite  length  for  the  cylinder  is  cut  from  the  smaller  end. 
the  re6t  forming  the  cap,  which  is  choked  at  the  end  from  which 
the  cylinder  is  cut.  For  this  purpose  a  cylindrical  former  of 
wood,  with  an  hemispherical  end  is  used,  which  should  be  bvred 
through  the  axis  to  facilitate  the  drawing  off  of  the  cap. 

The  cylinder  fits  over  the  body  of  the  cartridge  and  a  part  of 
the  sabot,  while  the  cap  fits  over  the  end ;  and  when  drawn  off, 
which  is  always  done  when  the  cartridge  is  placed  in  the  piece, 
leaves  the  lower  end  of  the  cartridge  exposed,  so  that  the  priming 
wire  or  fire  from  the  friction-tube  can  reach  it  without  g«»iu4: 
through  any  paper.  In  firing  shot,  the  cap  when  drawn  off  may 
be  placed  over  the  shot,  to  diminish  windage.  (For  dimension? 
of  formers,  see  Appendix,  p.  32.) 

Packing. — Field  ammunition  is  packed  in  boxes  of  well 
seasoned  stuff,  lj  in.  thick  and  dove-tailed  at  the  comers.  The 
cover  is  fastened  with  screws,  and  a  rope  handle  attached  to  a 
bracket  is  fixed  at  each  end.  The  boxes  are  painted  olive  color 
on  the  outside,  and  the  kind  of  ammunition  i«  marked  on  both 
ends  in  large  white  letters.  The  place  and  date  uf  fabrication  are 
marked  on  the  inside  of  the  cover. 

For  Gitns. — Shot,  spherical-case  and  canister  fixed,  are  laid  in 
two  tiers  across  the  box,  the  projectiles  alternating  with  the  cart- 
ridges at  each  side.  The  projectiles  of  the  upper  tier  rest  on  tho?o 
of  the  lower,  and  not  on  the  cartridges. 

For  32-pdr.  and  24-pdr.  Howitzers. — SfiiH*  and  Sj)h<:ri<yil- 
ca#€  Shot. — Placed  upright,  the  balls  down,  renting  on  strips  of 
wood  about  0.25  in.  thick,  placed  lengthwise  of  the  box  and  nailed 
to  the  bottom,  so  as  to  prevent  the  fuze-plugs  from  bearing  on  the 
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bottom  of  the  box.  The  balls  are  held  down  by  small  strips  of 
wood  tacked  with  sprigs  to  the  sides  of  the  box,  over  the  sabots. 
The  cartridges  are  laid  on  top  of  the  sabots. 

Canisters  arc  packed  in  the  same  manner,  omitting  the  strips 
of  wood  in  the  bottom  of  the  box. 

For  12-pdr.  Field  and  Mountain  Howitzers. — Shells  and 
Spherical-vase  Shot^Jixed. — Placed  upright,  the  balls  down,  rest- 
ing on  strips  of  wood,  as  for  the  other  howitzers. 

Canisters  are  packed  in  the  same  manner,  resting  on  the  bot- 
tom of  the  box. 

In  all  the  boxes,  the  small  stores  are  placed  in  the  vacant 
spaces  on  top  of  the  ammunition. 

The  fuzes  of  each  color  are  put  up  in  a  bundle,  wrapped  in 
water-proof  paper  of  corresponding  color,  and  marked  with  the 
time  of  burning.  All  the  fuzes  for  a  box  are  put  up  in  one  par- 
cel, wrapj>ed  in  water-proof  paper,  and  marked  :  Fuzes. 

A  layer  of  tow  is  placed  in  the  bottom  of  each  box,  and  the 
whole  contents  are  well  packed  in  tow,  filling  the  box  so  as  to 
be  pressed  down  by  the  cover.  About  3  lbs.  of  tow  are  required 
for  a  box. 

Siege  and  Garrison  Ammunition.— This  consists  of  the 
charge  of  powder  in  a  bag,  and  the  projectile  always  separate 
from  the  cartridge. 

The  Cartridge- Bags  are  usually  made  of  woolen  stuff.  They 
are  made  of  two  pieces,  in  the  form  of  a  rectangle  with  a  semi- 
circular end,  which  are  marked  out  with  stamps  and  sewed  toge- 
ther as  described  for  making  blank-cartridge  bags  for  the  field 
service,  and  are  filled,  preserved,  and  packed  in  the  same  way. 

Paper  Bags. — Bags  for  heavy  ordnance  may  be  made  entirely 
of  paper.  The  bottom  is  circular,  and  one  end  of  the  cylindrical 
part  is  cut  into  slips  about  one  inch  long,  which  are  pasted  over 
the  paper  bottom  on  a  cylindrical  former.  "When  a  paper  bag  is 
filled,  the  open  end  is  folded  down  about  three-fourths  of  an  inch 
wide,  and  this  fold  is  rolled  on  itself  down  to  the  powder,  and  the 
part  which  projects  beyond  the  cylinder  is  turned  in  on  the  top 
of  it. 

The  bags  are  apt  to  leave  paper  burning  in  the  gun,  for  which 
reason,  those  made  of  woolen  stuff  are  preferable. 

ttags  are  sometimes  made  of  both  paper  and  woolen  stuff,  by 
forming  the  cylindrical  part  of  paper,  and  sewing  to  it  a  bottom 
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of  woolen  stuff  made  of  two  pieces  6emi-circular  in  shape,  and 
sewed  together  around  the  edge. 

For  Columbiads  and  Sea-coaM  Howitzers,  the  cartridge  should 
always  occupy  the  whole  length  of  the  chamber ;  for  this  pur- 
pose, in  firing  with  reduced  charges,  a  cartridge -block  is  placed 
in  the  bag,  over  the  powder.  The  length  of  this  block  for  any 
charge  is  easily  deduced  from  the  length  occupied  by  1  )b.  of 
powder,  as  given  in  the  table,  Appendix,  p.  83. 

For  Mortars,  cartridge-bags  may  be  made  in  the  same  man- 
ner as  for  guns,  their  dimensions  corresponding  to  those  of  the 
chamber  of  the  mortar.  But  as  the  charge  is  generally  poured 
loose  into  the  chamber,  the  bag  being  used  only  for  carrying  it  to 
the  mortar,  a  gun  cartridge-bag  of  any  convenient  size  may  be 
used  for  mortar  service. 

For  Firing  Hot  Shot,  cartridge-bags  are  made  double,  by 
putting  one  bag  within  another,  care  being  taken  that  they  are 
free  from  holes. 

For  Ricochet  Firing,  or  whenever  very  small  charges  are 
required,  a  bag  for  a  smaller  caliber  may  be  used  ;  or,  after  the 
powder  is  poured  in,  another  bag  filled  with  hay  may  be  placed 
on  top  of  it  and  pressed  with  the  hands  to  reduce  the  diameter. 
After  shaking  this  bag  down  and  rolling  and 
flattening  the  empty  parts  of  the  two  bags, 
tie  them  with  woolen  yarn  like  a  bundle  of 
cartridges,  placing  the  knot  on  top. 

For  Proving  Ordnance,  cartridge-bags 
are  made  of  woolen  stuff  for  small  calibers, 
and  of  paper  for  large  ones.  They  should  bo 
of  the  full  diameter  of  the  bore  or  chamber. 

Strapped  Suhlls. — The  shot  used  with 
heavy  guns  is  generally  without  a  sabot,  but 
the  shells  are  strapped  to  sabots  made  of 
thick  plank,  with  strips  of  tin  as  described 
for  strapping  shot  for  field  service,  except 
that  the  straps  are  not  set  in  close  to  the 
shell  above  the  sabot,  as  they  are  with  the 
field  ammunition.  The  shells  are  set  in  the 
sabot,  and  the  straps  put  on  in  such  a  way 
that  the  fuze-hole  may  fall  in  one  of  the  n*  t>». 

angles  between  two  straps,  its  axis  making  an  angle  of  453  with 
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that  of  the  sabot.  The  6traps  are  fastened  with  nails  both  on  the 
side  and  bottom  of  the  sabot.    Figs.  250  and  251. 

In  loading,  the  fuze-hole  is  always  placed  in  the  upper  part  of 
the  bore. 

The  columbiad  and  8  and  10  inch  For  Howit™.*  cd.«btod* 
6eacoast  howitzer  shells  being  very 
heavy  and  inconvenient  to  handle, 
have  a  couple  of  rings  or  loops  of  tin 
soldered  to  one  of  the  straps  to  re- 
ceive the  ends  of  a  piece  of  rope, 
which  is  tied  to  them,  and  serves  as  a 
handle.  Fig.  251.  (For  dimensions 
of  sabots,  see  Appendix,  p.  33.) 

Canisters. — Canisters  for  the  siege 
and  seacoast  guns,  Fig.  252,  are  made 
by  turning  one  end  of  the  tin  cylinder 
over  the  iron  bottom. 

They  are  filled  and  closed  with  the  cover  in 
the  same  way  as  field  canisters,  but  have  no 
sabot.  A  wire  handle  is  fastened  to  the  cover 
with  rivets. 

The  shot  is  made  of  such  a  size  that  it  will 
just  fit  in  the  cylinder  in  beds,  the  number  in 
each  bed  depending  upon  the  caliber  of  the 
piece. 

(For  dimensions,  see  Appendix,  p.  2D.) 

In  the  S-in.  siege  and  6eacoast  howitzers, 
the  canisters  are  attached  to  sabots  in  the  same 
way  as  the  field-howitzer  canisters.  The  sabot 
for  the  siege  howitzer  has  a  hemispherical  bot- 
tom, and  that  for  the  seacoast  is  conical,  to  suit 
the  connecting  surface  between  the  bore  and 
chamber  in  these  pieces. 

(For  dimension  of  sabots,  see  Appendix,  p.  33.) 

These  canisters  have  thick  iron-wire  handles  on  top,  like  the 
others,  and  are  closed  at  the  top  in  the  same  way.  All  canisters 
are  formed  of  four  tiers  of  shot. 

(For  their  dimensions  and  weight,  see  Appendix,  p.  27.) 
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Grape-Shot,  Fig.  253,  is  formed  by  placing  the  bottom  plate 
(see  p.  160)  upon  a  table,  and  placing  in  the  indentations  three  shot 
of  the  proper  caliber,  aud  on  top  of  these  one  of  the  rings,  then  three 
more  shot,  the  other  ring,  the  last  tliree  shot,  all  the  shot  breaking 
joints  with  each  other,  and  finally  the  top  plate,  which  being  coun- 
tersunk like  the  bottom  one,  is  turned  round  till  the  top  tier  of 
shot  fit  in  their  places.  The  pin  having  been  inserted  from  below 
through  the  lower  plate  before  any  of  the  shot  were  put  in  posi- 
tion, the  top  of  it  projects  through  the  center  hole  in  the  top  plate, 
and  on  it  the  nut  is  screwed  tight,  so  as  to  make  the  whole  firm 
and  solid. 

The  pin  in  the  stands  of  grape  for  guns 
is  kept  from  turning,  whilst  the  nut  is 
being  screwed  on,  by  a  projection  on  the 
head  which  fits  into  a  slot  in  the  counter- 
sunk for  the  head  in  the  bottom  plate. 
In  the  stands  for  the  8-in.  siege  howitzer, 
the  only  one  provided  with  grape-shot, 
the  sabot  is  attached  by  the  pin  passing 
through  it  first.  The  pin  is  prevented 
from  turning  by  having  a  square  head, 
which  is  countersunk  in  the  sabot.  The 
sabot  may  be  fastened  to  the  lower  plate 
with  screws,  when  a  pin  of  the  usual 
length  may  be  made  use  of,  or  the  sabot, 
which  is  the  same  size  as  the  one  used  for 
canister  in  this  piece,  may  bo  inserted 
separately. 

The  same  grape-shot  which  are  used 
with  the  8-in.  howitzers  are  also  used  with 
the  columbiad  of  that  caliber,  by  adopting 
the  sabot  of  the  sea-coast  howitzer,  which 
serves  for  both  pieces.  The  grape  for 
theso  8-in.  pieces  is  made  of  6-pd.  shot. 

The  nut  having  been  screwed  on,  the  ends  of  a  piece  of  roj>e 
are  run  through  the  holes  in  the  upper  plate,  and  tied  beneath  to 
serve  as  a  handle.  These  holes  are  directly  opposite  to  each 
other,  J  inch  in  diameter,  and  $  inch  from  the  edge  of  the 
plate. 
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(For  the  size  of  grape-shot  and  dimensions  of  the  stands,  see 
Appendix,  pp.  29  and  30.) 

Filling  Mortah-Shells. — These  shells  are  usually  filled  in 
the  batter}',  and  as  they  are  required.  Having  been  inspected,  to 
see  they  are  clean,  dry,  and  in  good  order,  place  them  on  a  block 
made  for  the  purpose,  or  on  rings  of  rope,  or  in  indentations  in 
the  floor  of  the  magazine,  or  on  the  ground,  with  the  eyes  up. 
The  charge  measured  out  in  a  powder-measure  is  poured  in  through 
a  funnel,  and  any  incendiary  composition,  such  as  pieces  of  port- 
fire, rock-fire,  <fcc,  inserted. 

In  the  mean  time  the  fuzes  are  being  cut  to  the  proper  lengths 
by  resting  them  in  a  groove  in  a  block,  or  inserting  them  in  holes 
made  in  the  block,  or  in  a  post,  and  sawing  them  across  with  the 
fuze-saw.  Or  the  fuze  may  bo  bored  through  with  a  gimlet  at 
the  proper  point. 

The  fuze  is  then  tried  in  the  eye,  and  Bhould  enter  f  of  its 
length.  If  it  does  not,  it  may  be  reduced  by  rasping.  The  head 
of  it  is  covered  with  tow  to  prevent  the  breaking  of  the  composi- 
tion, the  fuze-setter  placed  on,  and  the  fuze  driven  in  until  the 
head  projects  from  0.2  to  0.4  in.  above  the  surface  of  the  shell. 
(For  the  charges  of  these  shells,  see  Appendix,  p.  30.) 

Siiklls  fob  Columbia u  and  Heavy  Guns,  are  loaded  in  the 
same  way  as  mortar-shells,  but  as  paper  fuzes  inserted  in  wooden 
or  bronze  fuze-plugs  are  used  instead  of  wooden  fuzes,  the  plug 
only  is  driven  into  its  place,  and  stopped  with  tow  after  the 
bursting  charge  has  been  poured  through  it  into  the  shell.  The 
metal  fuze-plug,  with  its  safety  cap,  is  described  at  p.  298.  (For 
charges,  see  Appendix,  p.  36.) 

Wads. — For  proving  cannon,  wads  arc  made  of  junk,  which 
is  first  picked,  and  then  beaten  in  moulds  until  the  compact  mass 
assumes  the  requisite  dimensions.  The  moulds  for  each  caliber 
consist  of  two  cast-iron  cvlinders  of  different  diameters  set  in 
oak,  or  of  two  strong  pieces  of  oak  strapped  with  iron  and  joined 
by  a  hinge. 

The  junk  is  first  placed  in  the  smaller  of  the  two  moulds,  and 
is  beaten  into  a  compact  mass  by  using  a  cylindrical  drift  nearly 
the  size  of  the  mould,  and  a  maul  or  hammer.  The  upper  part  of 
the  mould  is  then  raised,  the  wad  taken  out,  and  closely  wrapped 
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with  rope-yarn  in  the  direction  of  its  axis,  ending  with  a  few  turn* 
around  the  middle  of  the  wad,  perpendicular  to  the  axis.  It  k 
then  placed  in  the  large  mould,  and  again  beaten  with  the  maul 
and  drift,  until  its  diameter  is  increased  to  that  of  the  mould,  when 
it  is  taken  out  as  before,  and  its  diameter  verified  by  a  wooden 
guage  corresponding  to  the  large  shot-guage  of  the  caliber. 

Wads  for  Firing  Hot-Shot,  and  other  like  purposes,  may  be 
made  of  hay  wrapped  with  rope-yarn,  and  are  made  in  the  same 
way  as  junk  wads ;  or  they  may  be  made  entirely  of  hay,  by  twist- 
ing from  the  hay  a  rope  of  an  inch  or  an  inch  and  a  half  in  dia- 
meter, and  then  commencing  at  one  end  and  doubling  it  up  about 
one  caliber  in  length,  twisting  it  all  the  time  until  it  become* 
nearly  large  enough,  when  the  rope  is  wound  around  the  wad  per- 
pendicular to  its  axis,  and  fastened  with  a  hitch. 

Ring  ok  Grommet  Wads,  consist  of  a  ring  of  rope-yarn  about 
0.7  in.  thick,  with  two  pieces  of  strong  twine  tied  across  it  at  right 
angles  to  each  other.  The  size  of  the  ring  is  the  full  diameter  of 
the  bore,  in  order  that  it  may  fit  tight  and  6top  the  windage. 
They  increase  the  accuracy  of  fire,  and  are  preferred  to  the  otiier 
wads  when  the  object  is  merely  to  keep  the  shot  in  its  place,  as  in 
firing  at  a  depression.  They  stop  the  windage  best  when  placed 
behind  the  ball.  They  may  be  attached  with  twine  to  the  straps 
or  to  the  balls  themselves,  or  may  be  inserted,  like  other  wadd, 
separate  from  the  bails. 

Mort a r-F cze8  are  turned  from  beech,  ash,  or  linden,  well- 
seasoned,  and  free  from  knots.  They  are  conical  in  shape,  and 
made  of  different  sizes  to  fit  the  different  fuze-holes.  They  are 
then  graduated  on  the  exterior  into  inches  and  tenths,  commencing 
at  the  bottom  of  the  cup,  by  means  of  a  steel  guage  applied  to 
,  them  while  in  the  turning-lathes.  The  interior,  cylindrical  in 
shape,  is  bored  out,  to  within  about  an  inch  of  the  bottom,  and 
the  cup  hollowed  out.    (For  dimensions,  see  Appendix,  p.  37.) 

The  composition  for  filling  them  should  be  well  pulverised, 
thoroughly  mixed  and  6ifted  ;  and  trial-fuzes  should  be  made  with 
the  different  compositions,  and  the  time  of  burning  tested.  With 
the  same  composition,  the  time  of  burning  will  depend  very  much 
upon  the  manner  in  which  the  fuzes  are  driven. 

The  fuze  is  placed  in  a  hole  in  a  block  of  hard  wood  of  the 
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winic  *ize  a*  the  fuze,  ami  a  quantity  of  composition  sufth  hut  to 
make,  when  driven,  a  column  equal  in  height  to  one  diameter  of 
the  fuze-column,  put  in;  copper  ladles  of  the  proper  capacity  l<e- 
in<;  ummI.  A  htei'l  drift,  hhod  with  copper,  is  placed  on  thin,  and 
twenty-one  hlown,  in  volley*  of  three,  are  pven  with  a  wooden 
mallet  wei^hin^r  one  lh.,  the  drift  hein«f  raiiicd  after  each  volley. 
Thi*  if*  repeats!  until  the  fuze  ir*  filled  up  to  a  certain  point  deter- 
mined l»y  a  mark  on  the  drift.  Care  munt  he  taken  that  the 
chart  s  are  all  equal,  for  which  purpose  a  drift  i*  pa^cd  over  the 
top  of  the  ladle  to  take  off  the  eurplu*.  and  the  Mown  hhould 
always  he  the  Mime  in  numher,  and  delivered  with  as  near  the 
same  foree  a*  pot^ihle. 

The  pan  containing  the  composition  should  not  he  placed  on 
the  drivin^-hh«k,  ha  the  sulphur  would  separate  from  the  rc*t  of 
tlie  composition,  and  collect  together. 

When  the  comjM^itioii  ha*  reached  to  within  ahotit  *K'2  in  of 
the  hottoni  of  the  cup,  a  charge  of  mealed  powder  ii*  placed  in, 
and  driven  in  the  name  way  ha  a  ladleful  of  composition.  The 
etjp  is  filled  with  mealed  ]»owdcr  moistened  with  spirit*  of  wine 
or  strong  whisky  ;  when  dry,  it  is  covered  with  a  Mnall  piece  of 
paper,  over  which  in  pa*tcd  a  cap  of  strong,  watcr-pr<»of  paper, 
marked  with  the  numher  of  second*  the  fuze  hum*  to  the  ineh. 
For  preservation  and  trans]  M.rtat  ion,  the  fuze  ir*  cupped  with 
water-proof  pa}*»r,  linen,  or  M-rpe.  tied  on  and  lackered.  Fuze? 
are  packed  with  tow,  in  hoxr*  lined  with  water-proof  pajHT. 

Fuze*  may  he  driven  with  hliml-jtrr  <v»wy«.»i7i«ri,  which  will 
not  discover  the  flight  of  a  ►hell  in  the  niirht. 

One  ladleful  of  the  common  fuze  conq.  ^iti.-n,  or  of  mealed 
jnewdiT.  mu*t  he  driven  in  tin-  top  of  these  fuze*. 

Two  kinds  of  competition*  nrc  ind  : 

1.  o  parts  of  mealed  |K»w  der  and  4  of  lifted  a«he,  ;  and 

.»   1»;    o  o  »  <j±  «» 

(For  the  ordinary  cojiq»o*ition,  m«c  Appendix,  p.  37. ) 

VwtK  Ft ZK*  /or  /Y*/*/  .V,rr/<v,     M  ik'itnj  th*-  J^ij^r  ('>}*>*. — 

The  c.i-«*  i*  made  of  a  strip  of  »jnooth  pa[nr,  ro|h<d  hard,  on  a 
mandril  o.:{;>  inch  diameter,  and  i/lin-d,  after  the  tirt-t  turn,  w  i?h 
i»iuir!n«»  j»lue.  The  strip  of  paper  i*  in  the  form  of  a  m  tangle 
joined  to  a  trapezoid  ;  it  is  P-lhd  from  the  lar^e  end. 
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Whole  length  of  the  paper,  .       .       .18.  inches. 
Length  of  the  rectangular  part,  .    9.  " 

Width  of  the  rectangular  part,     .       .       1.5  " 
Width  at  small  end,        .       .       .       .    0.4  " 
Diameter  of  finished  case  (  At  top,      .       0.52  " 
before  being  cut,  (  At  bottom,    .    0.44  " 

Loo  Paper  (so  called),  or  thin  drawing  paper,  is  suitable  for 
making  these  cases.  The  dimensions  of  the  strip  of  paper  must 
be  regulated  by  trial  with  the  kind  of  paper  used. 

After  the  case  is  dry,  it  is  smoothed  by  rubbing  it  with  a  fine 
file,  and  with  sand-paper. 

The  material  for  filling  these  fuzes  must  be  thoroughly  incor- 
porated, by  being  ground  together  with  a  muller.  Trial  fuzes 
should  be  made  as  before,  and  the  rate  at  which  the  composition 
burns  be  determined.  One  pound  of  composition  makes  100 
fuzes. 

Charging  the  Fuze. — A  number  of  the  cases  are  set  upright 
in  brass  dies  made  in  two  halves,  kept  in  place  by  pins  and  a 
wedge  which  fits  in  between  one  of  the  halves  and  a  flange  con- 
nected with  the  other.  Or  the  two  parts  may  be  held  together 
by  a  strong  ring  or  socket  inserted  in  a  block  of  wood.  The  com- 
position is  then  driven  as  lias  already  been  described  for  wooden 
fuzes,  the  mallet  used  weighing  but  £  a  lb.,  and  t}ie  number  of 
blows  to  each  ladleful  of  composition  being  15.  Each  ladleful 
makes  a  length  of  \  of  an  inch  in  the  fuze. 

The  fuze  is  then  placed  in  an  iron  guage,  the  bore  of  which 
has  the  6ame  taper  as  the  fuze,  and  cut  off  at  both  ends  with  a 
saw  or  sharp  knife.  It  is  then  stained  the  proper  color,  according 
to  its  rate  of  burning.  It  has  been  before  suggested  that  a  better 
way  to  designate  this  would  be  by  strips  running  along  the  length 
of  the  fuze. 

For  the  compositions,  see  Appendix,  p.  37.) 

Fuzes  for  Ilewy  Guns,  Columhiads,  and  Howitzers,  are  made 
in  a  similar  manner,  and  differ  from  the  preceding  only  in  their 
dimensions  and  rate  of  burning. 

(For  dimensions  and  compositions,  see  Appendix,  p.  38.) 

The  time  of  burning  of  these  slow  compositions  is  subject  to  con- 
siderable variations,  according  to  the  quality  of  the  materials  and 


i 

Digitized  by  Google 


I'RIMING. 


357 


the  manner  in  winch  they  are  mixed.  In  making  the  fuzes,  there- 
fore, especial  care  should  be  taken  to  try  the  composition  used, 
and  vary  the  proportions  to  produce  the  required  result.  The 
compositions  in  the  Appendix  are  given  as  approximate  guides 
onlv. 

The  method  of  making  fuzes  of  other  kinds  has  been  given  in 
Chap.  IX. 

Priming  Cannon. — The  means  first  used  to  communicate  fire  to 
the  charge  in  the  gun,  were  of  course  of  the  most  primitive  kind. 
Loose  powder  filling  the  vent,  and  the  application  of  a  coal  of  fire, 
were  probably  the  first  employed. 

For  priming,  the  loose  powder  gave  way  to  a  strand  of  quick- 
match,  and  tubes  of  different  substances  filled  with  mealed 
powder,  first  moistened  with  alcohol  or  spirits  of  some  kind,  and 
afterwards  dried ;  while  the  coal  of  fire  was  superseded  by  the 
slow-match,  and  afterwards  by  the  lighted  portfire.  Finally  the 
friction-tube  took  the  place  of  both,  simplifying  and  rendering 
much  more  certain  the  firing  of  the  piece. 

Qi'ick-Match  is  even  now  used  to  tiresome  kinds  of  ordnance, 
such  as  stone  and  heavy  mortars,  and  sometimes  in  proving  pieces. 
It  is,  however,  extensively  used  in  priming  all  kinds  of  fire- works, 
such  as  fire  and  light  balls,  carcasses,  rockets,  priming-tubes,  etc. 
Inclosed  in  tubes,  it  bums  much  faster  than  in  the  open  air,  and 
more  so  in  proportion  as  the  tul>es  are  smaller.  It  is  60  used  in 
conveying  fire  very  rapidly  from  one  portion  of  a  piece  of  fire- 
work to  another,  the  paper  tubes  in  which  it  is  inclosed  being 
CHlled  hadsrt. 

It  is  made  of  cotton  yam,  such  as  is  used  for  candle-wick,  of 
such  a  size  that  when  doubled  and  twisted  in  the  finjrers.it  mav 
be  0.07  in.  in  diameter.  This  is  wound  in  a  loose  ball,  of  a  conve- 
nient size,  say  weighing  1  lb.,  which  will  contain  1000  yards,  and 
steeped  in  gummed  brandy  or  whisky  until  thoroughly  soaked. 

A  paste  is  made  of  mealed  powder  and  gummed  spirits,  of 
about  the  consistency  of  flour  paste,  and  the  bottom  of  a  wooden 
bowl  or  copper  pan  covered  with  a  layer  of  it  \  in.  thick.  On 
this  is  spread  a  coil  of  the  yarn,  by  unrolling  the  ball,  and  distrib- 
uting it  equally  over  the  surface  of  the  paste,  until  there  are  five 
or  six  strands  over  one  another.  Over  this  is  placed  another  layer 
of  paste,  and  then  one  of  yam ;  and  so  until  the  vessel  is  full. 
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Care  must  be  taken  not  to  entangle  the  yarn  ;  and  the  last  layer  is 
covered  with  a  bed  of  the  paste  a  little  thicker  than  the  other*. 

After  the  yarn  has  been  soaking  3  or  4  hours  in  the  paste,  it 
is  wound  off  on  a  reel,  making  it  pass  through  a  funnel  filled  with 
the  paste,  or  through  the  hand  with  some  paste  in  it,  taking  care 
that  the  different  turns  do  not  touch  each  other.  Before  it  is  dry 
it  is  dredged  with  meal-powder,  allowed  to  dry  slowly,  cut  from 
the  reel  in  convenient  lengths,  and  put  up  in  bundles. 

The  gummed  spirit  is  made  by  first  dissolving  the  gum  in  the 
smallest  possible  quantity  of  hot  water  or  vinegar,  and  afterward* 
mixing  it  with  the  spirits. 

Match  so  prepared  should  be  hard  and  stiff,  and  the  composi- 
tion should  hold  firmly  on ;  1  yard  bums  in  the  open  air  13 
seconds.  The  pound  of  yarn  used  requires  8  lbs.  of  mealed  pow- 
der, 1 J  galls,  of  spirits,  and  2£  oz.  of  gum  arable ;  the  match 
weighing  when  dried  9  lbs. 

By  using  vinegar,  a  match  is  made  which  bums  less  rapidly 
in  the  proportion  of  4  to  5,  and  with  pure  water  in  the  ratio  of  4 
to  6.  Alcohol  makes  a  quicker  match,  but  it 
cannot  be  gummed,  and  the  composition  falls  off. 

A  slow  kind  of  match  is  made  by  adding 
sulphur  to  the  paste;  with  }  of  sulphur,  1  yard 
of  the  match  burns  22  seconds ;  with  J,  33  sec- 
onds ;  with  |,  53  seconds,  and  with  162 
seconds. 

When  used  for  discharging  cannon,  quick 
match  is  set  fire  to  by  a  slow  match,  portfire, 
or  any  other  convenient  material,  the  first  being 
most  frequently  employed.  When  used  to 
prime  shells,  carcasses,  &c,  it  is  set  on  fire  by 
the  flame  from  the  piece. 

Quill  Prehixg-Tubks,  Fig.  254,  are  made 
from  quills  by  cutting  off  the  barrel  at  both 
ends,  and  splitting  down  the  large  end  for  about 
half  an  inch  into  7  or  any  other  odd  number  of 
parts ;  These  are  bent  outwards,  perpendicular 
to  the  body  of  the  quill,  and  form  the  cup  of 
the  tube.  Fine  woolen  yarn  is  then  woven 
into  these  slits,  like  basket  work,  the  end  being  m 
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brought  down  and  tied  on  the  stem ;  or  a  perforated  disk  of  paper 
is  pasted  on  them. 

These  tubes  are  filled  by  injecting  into  them,  with  a  tube-injec- 
tor, a  liquid  paste  made  of  mealed  powder  and  spirits  of  wine  ; 
but  a  better  method  is,  not  to  make  the  paste  so  thin,  and  then 
press  it  in  with  the  thumb.  A  strand  of  quick-match,  2  inches 
long,  is  now  laid  across  the  cup  and  pasted  in  there  with  the 
powder  paste.  A  small  wire  is  then  run  through  the  tube,  and 
remains  there  until  the  paste  is  dry,  and  then  withdrawn.  This 
leaves  an  aperture,  furnishing  a  quick  communication  for  the 
fire  along  the  tube. 

A  paper  cap  is  placed  over  the  cup,  and  twisted  tightly  around 
the  tube  under  the  cup. 

Another  way  to  fill  these  tubes  is  to  stop  the  small  end  with 
sealing-wax,  filling  the  barrel  with  rifle-powder,  and  then  finish- 
ing the  cup  witli  paste  and  quick-match  as  before. 

These  tubes  are  preferable  to  metal  tubes  on  ship-board  or 
in  casemates  or  block-houses,  as  the  fragments  blown  out  of  the 
vent  are  not  injurious,  as  is  the  case  with  the  sharp,  angular  frag- 
ments of  the  metal  tube,  especially  on  board  ship,  where  the  men 
often  go  without  their  shoes. 

When  the  tubes  are  dry,  they  are  wrapped  in  paper  in  bun- 
dles of  10,  and  tied  up. 

Metal  Tubes  are  made  of  an  alloy  of  Banca  tin,  lead,  and 
antimony,  in  the  proportion  of 

50  lbs.  of  tin,  ) 
50      "    lead,         V  For  6,000  tubes, 
lfc    "    antimony,  J 

The  metal  is  melted  in  an  iron  pan,  and  the  tubes  are  cast  in 
moulds  which  arc  kept  at  the  same  time  at  sufficiently  high  a 
temperature  to  scorch  dry  shavings.  They  should  never  be  cooled 
by  wetting. 

The  moulds  have  each  a  spindle  to  form  the  interior  of  the 
tubes,  and  are,  during  the  casting,  smoked  occasionally  with 
rosin  or  pine-knots,  to  prevent  the  tubes  from  sticking. 

The  tubes  are  drawn  from  the  moulds  by  means  of  a  lever 
fixed  into  the  work-bench.  If  the  spindle  ever  comes  out,  leaving 
the  tube  in  the  mould,  a  small  screw  is  inserted  into  the  tube,  and 
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being  gently  tapped  with  a  hammer  loosens  the  tube  and  with- 
draws it. 

Another  and  better  method  of  forming  these  tubes  is  to  cut 
the  metal  into  small  disks,  which  are  formed  into  tubes  by  being 
pressed  through  dies,  which  form  the  cup  at  the  same  time  with 
the  stem  of  the  tube.  This  is  the  method  always  adopted,  when 
these  tubes  are  made  ;  though,  in  consequence  of  the  introduction 
of  the  friction-primer,  the  use  of  firing-tubes  for  our  service  is 
abandoned. 

In  the  naval  service,  however,  they  still  use  percussion  primers 
made  of  quills,  prepared,  as  has  been  described,  by  pasting  paper 
over  the  slits,  on  the  top  of  which  is  placed  a  bed  of  percussion- 
powder,  and  covered  with  a  coating  of  varnish,  the  piece  being 
fired  with  a  lock.  This  tube  is  found  to  work  verv  well  :  and 
the  quill  being  burnt  to  a  crisp  when  the  piece  is  fired,  there  i6 
no  danger  of  injury  to  the  men. 

These  tubes  are  filled,  primed,  capped,  and  packed  in  the 
same  way  as  quill-tubes. 

1,000  of  them  require  \  „2*  lbs- f™? P°w.dcr-  ,  . 

I  2  qts.  of  whisky,  or  spirits  of  wine. 

Slow-Match  is  used  principally  for  the  purpose  of  retaining 
fire  in  the  shape  of  a  hard  pointed  coal,  to  be  used  in  firing  ord- 
nance, fireworks,  &c.  It  was  formerly  used  in  field-batteries  for 
lighting  the  portfires  with  which  the  pieces  were  discharged  ;  but 
both  are  now  entirely  superseded  by  the  friction-tube. 

It  is  made  of  hemp,  flax,  or  cotton  rope,  about  0.6  in.  diame- 
ter, made  with  three  strands,  slightly  twisted.  Cotton  rope,  well 
twisted,  forms  a  good  match  without  any  preparation. 

To  prepare  hemp  or  flax  rope, — boil  it  ten  minutes  in  water 
holding  in  solution  l-20th  of  its  weight  of  sugar  of  lead,  or  let  it 
remain  in  the  cold  solution  until  it  is  thoroughly  saturated ;  run 
it  through  the  hands,  to  take  the  water  from  it ;  twist  it  hard  by 
attaching  one  end  to  the  hook  of  a  twisting-winch,  and  putting  a 
stick  in  a  loop  at  a  convenient  distance  for  twisting ;  smooth  it 
by  rubbing  it  smartly  with  coarse  mats,  hair-cloth,  or  cuttings  of 
buflf-leather,  commencing  at  the  winch  and  rubbing  always  in  the 
same  direction,  until  the  diameter  of  the  rope  is  reduced  0.1  in., 
and  until  the  tension  and  hardness  are  even ;  stretch  it  on  poles 
or  on  a  fence  to  dry,  and  put  it  up  in  neat  coils  of  25  yards  each. 
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Match  bo  prepared  burns  4  inches  to  the  hour.  Plain  cotton 
match  burns  4£  inches  to  the  hour. 

In  the  absence  of  sugar  of  lead,  the  rope  may  be  6imply 
leached.  For  this  purpose,  it  is  put  into  a  leach -tub,  and  steeped 
in  pure  water  for  12  hours,  when  the  water  is  drawn  off.  Ley 
prepared  in  a  boiler  with  a  quantity  of  ashes  equal  to  half  the 
weight  of  the  rope,  with  5  per  cent,  of  quick-lime  added,  is  then 
poured  warm  into  the  hopper.  After  it  has  run  through  the 
ashes,  and  remained  sometime  on  the  rope,  it  is  drawn  off,  heated 
again  and  poured  back  into  the  hopper.  This  operation  is  re- 
peated several  times  in  the  course  of  24  hours,  at  the  end  of  whicli 
the  rope  will  be  well  leached.  It  is  then  taken  out,  twisted  with 
sticks,  and  steeped  for  5  minutes  in  hot  water,  stirring  it  at  the 
same  time,  and  finishing  the  match  as  before.  This  match  burns 
5  inches  to  the  hour. 

Bad  match  or  old  rope  treated  with  sugar  of  lead,  makes  very 
good  match. 

Slow-match  is  packed  in  tight  casks  or  boxes,  which  should 
be  marked  with  the  kind  and  quantity,  place  and  date  of  fabri- 
cation. In  burning,  it  forms  a  hard  pointed  coal,  which  readily 
communicates  fire  to  any  inflammable  material  with  which  it  is 
brought  in  contact. 

Portfires,  which  were  formerly  used  to  communicate  fire  to 
the  priming  tubes  or  priming  of  guns,  are  now  entirely  abandoned 
for  that  purpose,  or  so  used  only  in  special  cases,  as  in  proving 
gun6 ;  and  are  used  principally  as  an  incendiary  material  in  load- 
ing shells,  *fcc. 

A  portfire  consists  of  a  small  paper  case,  filled  with  a  highly 
inflammable,  but  slow-burning  composition,  the  flame  of  which 
is  very  intense  and  penetrating,  and  cannot  be  extinguished  with 
water. 

The  case  is  made  on  a  polished  steel  former,  22  inches  long, 
and  ^  inch  in  diameter.  The  paper  being  cut  to  proper  dimen- 
sions is  laid  upon  a  table,  the  end  folded  over,  six  inches  parallel 
to  the  edge,  and  pasted.  The  former  is  now  laid  on  the  paper  an 
inch  from  the  double  edge,  and  rolled  up  smoothly  in  it,  making 
two  revolutions  after  the  pasted  edge  is  passed.  A  thin  coat  of 
paste  is  now  spread  all  over  the  remaining  portion  of  the  sheet, 
24 
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except  an  inch  in  width  round  the  edge,  and  the  sheet  rolled  on 
the  former. 

The  rolling-board  is  made  of  a  smooth  piece  of  plank,  having 
a  strap  tacked  over  the  upper  side  near  the  end  under  which  the 
hand  is  placed  in  using  it.  The  case  is  laid  upon  the  table  and 
rolled  with  this  board  until  quite  firm  and  compact,  the  edge  of 
the  paper  being  prevented  from  rising  and  unrolling  at  first,  by 
seizing  it  with  tho  left  hand  every  time  the  rolling  board  is 
raised.  When  the  paper  becomes  hard  the  edge  is  pasted  down, 
rolled  smooth,  the  forme*  withdrawn,  and  the  case  put  aside. 
Length  of  case,  18  inches. 

Portfire  Composition  is  made  of  niter,  sulphur,  and  mealed- 
powder  in  various  proportions,  antimony  or  steel  filings  being 
sometimes  added.  The  following  makes  portfires  which  will  burn 
ten  minutes, 

Nitre,  .         .65  parti 

Sulphur,  22.5  " 

Mealed-powder,  .         .     12.5  " 

For  others,  see  Appendix,  p.  38. 

The  ingredients  must  be  intimately  mixed,  by  grinding  with 
a  muller  on  a  mealing- table,  rubbing  them  through  the  hands,  and 
passing  them  through  a  sieve,  regrinding  the  coarse  parts. 

Driving  Portfires.  Portfires  are  driven  in  a  mould,  Fig. 
255,  made  of  brass,  and  in  two  parts,  held  together  by  a  socket  mt 
the  foot,  and  four  strong  bands.  The  bore  in  the  mould  is  the 
same  length,  (18  in.,)  and  the  diameter  (0.C5  in.,)  as  the  case.  It 
having  been  put  together,  the  case  is  put  in  position,  and  the 
bands  driven  firmly  down. 

Three  drifts  made  of  steel,  tipped  with  brass  at  the  lower  end. 
are  used  for  driving  portfires.  They  are  22  in.,  15  in.,  and  10  in. 
long,  and  in  diameter  0.4  of  an  inch,  or  0.1  less  than  the  interior 
diameter  of  the  case.  Four  small  spiral  grooves  are  cut  on  the 
surfaces  of  the  drifts,  to  allow  the  composition  to  pass  down.  A 
hard  wooden  mallet,  weighing  one  pound,  is  used  for  driring. 

A  small  funnel  is  inserted  in  the  top  of  the  case,  and  the 
long  drift  passed  through  it  to  the  bottom  of  the  case.  The 
funnel  is  then  filled  with  the  composition,  and  the  driving  com- 
menced. Three  blows  are  struck  per  second,  raising  the  driit 
about  half  an  inch  with  the  left  hand  between  the  blows.  The 
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composition  follows  down  the  grooves,  is 
driven  compactly  and  with  sufficient  uni- 
formity. The  shorter  drifts  are  used  as 
the  case  is  filled  up. 

Portfires  should  not  be  primed  with 
mealed  powder.  Before  the  driving  is 
commenced  a  piece  of  paper  is  inserted 
in  the  case,  and  driven  like  a  plug  at  the 
bottom  with  the  long  drift ;  and  when  the 
case  is  full  the  top  of  it  is  turned  in  and 
beaten  down,  thus  securing  both  ends. 

Portfires  are  packed  in  strong  boxes, 
dove-tailed  at  the  corners,  lined  with 
water-proof  paper,  painted  olive  color, 
and  marked  on  one  end  with  the  con- 
tents, and  the  year  of  fabrication. 

Portfires  cut  up  into  small  pieces,  and 
placed  in  a  shell,  form  a  very  good  incen- 
diary material. 

Friction  Tubes,  now  almost  exclusivelv  used  for 
firing  guns  of  all  kinds,  are  manufactured  by  machin- 
ery at  the  Frankford  Arsenal,  Pa. 

Sheet  brass,  about  SV  of  an  inch  thick,  is  cut  into 
strips  f  of  an  inch  wide,  and  run  through  a  punch- 
ing machine,  which  cuts  out  disks  of  the  size 
shown  in  Fiir.  256.  These  are  carried  by  a  slider  under 
another  punch  in  the  same  machine,  which  forms  them 
into  cups,  resembling  the  top  of  an  ordinary  percussion- 
cap. 

These  cups  are  annealed,  and  then  passed  through  what 
is  called  the  drawing-press,  in  which  a  punch  pushes  them 
through  a  die,  increasing  their  length  and  decreasing  their 
diameter.  This  is  repeated  six  times,  changing  the  punch 
and  die  each  time,  and  annealing  the  metal  after  every 
drawing,  to  soften  the  metal  and  keep  it  from  breaking  or 
cracking.  The  circular  disk  has  now  assumed  the  form 
and  dimension  shown  in  Fig.  257. 

These  tubes  are  now  taken  to  a  third  machine,  in  which 
a  large  cylinder  with  grooves,  cut  along  its  surface  in  the 
I*  »t.  direction  of  its  elements,  receives  a  number  of  them  with 
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the  closed  ends  all  in  one  direction.  As  this  feed-cylinder  revolves 
on  its  axis,  a  circular  saw  cuts  off  in  succession  the  broken  ends 
at  the  proper  distance ;  after  which  they  are  brought  opposite  a 
reamer,  which  smooths  off  the  mouths  of  the  tubes.  In  the  same 
machine,  a  drill  cuts  a  hole  in  the  side  of  the  tube,  near  the  closed 
end,  and  drills  a  small  hole  directly  opposite  in  the  other  6ide. 
While  the  reamer  and  drill  are  at  work  the  large  cylinder  is  at 
rest,  and  commences  to  revolve  again  as  6O0n  as  the  r-^ 
drill  is  withdrawn.    Fig.  258. 

The  rough  tube,  Fig.  257,  is  passed  twice  more 
through  the  drawing  press,  which  reduces  its  diameter 
two  sizes,  lengthening  the  tube  considerably.  A 
number  of  these  are  placed  in  a  machine,  and  by 
means  of  circular  saws,  at  proper  distances  apart,  cut 
into  lengths  of  about  fa  of  an  inch.  The  end  of  one  of 
these  small  tubes  is  inserted  in  the  hole  in  the  long 
one,  and  soldered  in  that  position  under  the  blow-pipe. 
It  is  now  ready  for  priming  and  wiring.   Fig.  250. 

The  wires  are  cut  into  lengths  and  flattened 
at  one  end.  The  flat  end  is  then  placed  in  a 
die  under  a  press,  and  made  rough  and  serra- 
ted for  the  purpose  of  acting  on  the  friction- 
powder.  Fig.  259.  The  extremity  a  is  annealed 
in  order  to  make  it  soft  enough  to  bend  with- 
out breaking. 

The  friction-powder  used  is  made  by  mixing 
together  two  parts  of  chlorate  of  potassa  and 
one  of  sulphuret  of  antimony  moistened  with 

gummed  water.  The 
mixing  is  done  by 
grinding  the  wet  ma- 
terials in  an  ordinary 
cast-iron  paint-mill, 
keeping  them  at  about  the  consistency 
of  paste.  The  ground  powder  is  placed 
in  jars  and  laid  by  for  use. 

The  short  tube  is  now  lined  inside 
by  stuffing  it  full  of  the 'moist  powder 
and  reaming  it  out  afterwards,  so  that 
the  serrated  wire  shall  not  be  imbed- 
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(led  in  the  composition,  but  will  have  a  lining  of  it  on  every 
side. 

The  wire  is  now  passed  through  the  short  tube  and  the  hole 
opposite  to  it  in  the  side  of  the  long  one,  the  open  end  of  the 
tube  compressed  with  nippers,  and  the  little  tongue  at  the  end  of 
the  serrated  part  doubled  under  to  prevent  any  displacement. 
The  other  end  is  doubled  and  twisted  by  machinery*  Fier-  2G0. 

The  head  of  the  tube  is  then  dipped  in  shellac  varnish  (made 
black  by  lamp-black),  and  when  dry  the  long  tube  is  filled  with 
musket  powder,  its  end  closed  with  shoemakers- wax,  and 
retouched  with  varnish. 

After  being  thoroughly  dried,  the  tubes  are  bundled  in  pack- 
ages of  ten,  the  wire  being  bent  down  parallel  to  the  stem  for  the 
convenience  of  packing,  and  ten  of  the  packages  placed  in  a  tin 
box,  in  which  is  also  placed  a  hook  to  be  attached  to  the  lanyard 
of  the  gun. 

These  tubes  fulfill  every  requirement  for  a  good,  safe,  and 
certain  discharger  of  guns.  A  failure  to  ignite  the  charge  is  very 
unusual,  and  even  after  being  soaked  for  a  number  of  hours  in 
water,  the  greater  part  of  them  will  still  act.  If  they  become 
moist,  they  are  restored  by  drying. 

The  first  tubes  used,  instead  of  a  wire  had  a  slider  of  sheet 
brass  incased  in  a  sheet  brass  cup,  which  stood  out  perpendicular 
to  the  tube.  The  wire  being  bent  down  along  the  tube,  takes  up 
much  less  space  in  packing,  and  has  besides  another  advantage. 
The  vent  of  most  pieces  being  inclined  to  the  rear,  the  tendcucy 
of  the  pull  made  on  the  lanyard  is  to  jerk  the  tube  from  the  vent 
either  completely  or  partially.  In  the  'ast  case,  the  side  of  the 
tube  is  drawn  against  the  sharp  edge  of 
the  mouth  of  the  vent  and  bent  over,  so 
that  when  the  slider  does  act  and  explode 
the  friction-powder,  all  communication 
with  the  powder  in  the  lower  part  of  the 
tube  is  cut  off,  and  the  fire  fails  to  com- 
municate with  the  charge,  Fig.  261.  This 
may  be  obviated  by  holding  the  hand  very 
low,  so  that  the  direction  in  which  the 
pull  acts  is  perpendicular  to  the  axis  of 
the  vent ;  but  the  same  object  is  better 
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attained  by  not  bending  the  wire  to  the  full  perpend icular. 
Then  when  the  pull  is  made  on  the  lanyard,  the  first  tendency  is 
to  force  the  tube  into  the  vent  before  the  slider  yields. 

This  fact  has  been  taken  into  consideration  in  forming  the  new 
field  gun  and  columbiads  (or,  rather  gum,  as  they  are  now  called  V. 
in  which  the  axis  of  the  vent  is  made  perpendicular  to  that  of  the 
piece. 

One  great  advantage  of  the  friction-tube  is,  that  it  gives  an 
enemy  at  night  no  clew  to  the  position  of  your  piece,  as  does 
the  lighted  portfire  or  slow-match. 

French  Friction-Tubes. — The  French  tube,  of  which  ours  is  a 
modified  and  improved  form,  was  adopted  in  the  French  army  in 
1847,  and  is  somewhat  differently  constructed,  as  will  appear  by 
an  inspection  of  Fig.  262.  The  large  tube 
with  a  cross-head  at  top  to  prevent  it 
entering  the  vent  too  far,  is  stopped  at  the 
top  by  a  wooden  plug  held  in  place 
by  an  indented  girdle.  Below  this 
and  inside  the  large  tube,  is  a  smaller 
tube,  the  upper  part  of  which  is  filled 
with  a  fulminating  powder  composed  of 
i  chlorate  of  potassa  and  $  sulphuret  of 
antimony  mixed  with  gummed  water,  or 
alcohol.  This  is  pierced  through  the  axis 
to  give  passage  to  the  friction-wire,  the 
lower  end  of  which  is  flattened  and  ser- 
rated, as  shown  in  the  figure.  This  ser- 
rated part  remains  in  the  empty  part  of 
the  small  tube,  the  lower  end  being 
clinched  around  the  end  of  the  tube.  Tho 
small  tube  being  prepared  with  the  ful- 
minate, the  wire  is  introduced  into  the 
large  tube,  passing  out  through  the  hole 
in  the  axis  of  the  wooden  plug.  The 
wire  is  then  twisted  on  itself  and  bent 
down  along  the  tube,  as  shown  in  the  figure. 

The  tube  is  then  finished  by  filling  the  lower  ends  of  both 
tubes  with  musket-powder,  and  closing  the  end  of  the  large  tube 
with  a  mixture  of  wax  and  pitch.   The  opening  around  the  wire 
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whore  it  passes  through  tho  wooden  plug,  is  clonal  with  a  drop 
of  wax  which  may  ho  spread  with  the  jaiint  of  a  knilV,  so  a*  to 
close  tho  opening  j»ertectly. 

I'KRd  s-ios  TuiUKKfl  AM)  Ln  kr. — Ilcfore  the  introduction  of 
friction  tube*,  percussion  cajwi  or  wafer*  were  used  in  connection 
witli  a  lock,  which  was  brewed  to  the  hotly  of  tide]  pieces,  anil  to 
the  lock -piece  in  heavier  ordnance.  Many  different  forms  of  these 
lock*  were  invented,  and  now  exi*t  as  curiosities  in  great  numbers 
in  military  nujpcumn.  Tliey  are  no  longer  in  use  in  our  service, 
t!i<»u^h  htill  retained  in  the  navy,  a*  the  ho»t  mean*  of  tiring  at 
the  right  moment  a  gun  which  is  constantly  in  motion  from  tho 
movements  of  the  vt>w.L 

Tlie  |>ercu*>ion-j.owdcr  placed  in  a  thin  layer  between  two 
circular  pieces  of  cartridge-paper,  united  by  glue,  pressed  firmly 
together,  dried  and  vanished  over  with  any  water-proof  varnish, 
fonning  tlio  ira/rr. 

The  <v/y*  were  made  by  forming  the  wafer  at  the  Wtom  of  a 
paper  cap  which  fitted  on  the  end  of  the  lock  hammer.  This 
wan  probably  the  b«-t  f..rm  of  the  two,  a*  the  powder  wa*  then 
sure  of  being  in  the  riglit  place  when  the  lanyard  was  pulled, 
whereas  the  wafer,  being  laid  on  the  piece,  might  become  dis- 
placed by  the  wind  or  othcrwij**,  although  it  was  partially 
secured  by  fastening  to  the  bottom  a  little  frteni  to  enter  the  vent 
and  ke«*p  it  in  plat  e. 

Ammi  mtio.v  for  Small  Arm*. — To  make  the  cylinders  for 
blank  cartridges,  the  paj>er  is  cut  in  the  form  of  a  traj*?xoid,  with 
a  pattern.  The  formrr  in  a  cylinder  of  hard  wood  of  the  same 
diameter  as  tlie  ball,  concave  at  one  end  and  convex  at  the  other. 
The  paper  is  laid  on  a  table  witit  the  hide  }>cr]»cndicular  to  the 
bamn  next  the  workman,  the  hr«>ad  end  to  the  left,  the  former  laid 
on  it  with  the  concave  end  half  an  im-h  lr»»m  the  broad  edge  of 
the  paj»ert  and  envth.pinl  in  it  once.  The  riglit  hand  ia  then  laid 
flat  on  the  former,  and  all  the  paper  rolled  on  it.  The  projecting 
end  «if  the  pajM-r  i*  now  neatly  folded  down  into  the  concavity  of 
the  fonuer,  pasted,  and  pressed  on  a  ball  imbedded  in  the  table 
for  the  pur]*"**. 

Instead  of  being  pa.*t«-d,  thee  cylinder*  may  be  closed  by 
choking  with  a  »trim:  tied  to  the  table,  and  having  at  the  other 
end  a  Mick  by  which  to  hold  it.    The  convex  end  of  the  former 
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is  placed  to  the  left,  and  after  tlie  paper  is  rolled  on,  the  former  is 
taken  in  the  left  hand,  and  a  turn  made  around  it  with  the  chok- 
ing-string  half  an  inch  from  the  end  of  the  paper.  Whilst  the 
string  is  drawn  tight  with  the  right  hand  the  former  is  held  in  the 
left  with  the  forefinger  resting  in  the  end  of  the  cylinder,  folding 
it  neatly  down  upon  the  end  of  the  former.  The  choke  is  then 
firmly  tied  with  twine,  by  making  two  turns  and  a  half-hitch 
around  it. 

Fob  Ball-cartridges,  the  cylinders  are  made  and  choked  as 
above,  and  the  choke  tied  with  two  turns  and  a  half-hitch,  with- 
out cutting  the  twine.  The  former  is  then  withdrawn,  the  ball 
inserted,  and  followed  with  the  concave  end  of  the  former.  Two 
half-hitches  are  then  made  just  above  the  ball,  and  the  twine  cut 
off. 

For  Ball  and  Buckshot  Cartrtdges. — Make  the  cylinder 
as  before,  insert  three  buckshot ;  fasten  them  with  a  half-hitch, 
and  insert  and  secure  the  ball  as  before. 

For  BucKsnoT  Cartridges. — Make  the  cylinder  as  before,  insert 
four  tiers  of  three  buckshot  each,  as  at  first,  making  a  half-hitch 
between  the  tiers,  and  ending  with  a  double  hitch.  (For  dimen- 
sions of  paper  for  cylinders,  see  Appendix,  p.  39.) 

To  Fill  the  Cartridges.— -The  cylinders  are  placed  upright  in 
a  box,  and  the  charge  poured  in  each  from  a  conical  charger  of 
the  appropriate  size ;  or  they  may  be  filled  by  a  charger  made  by 
attaching  to  a  large  brass  funnel  two  charging  cylinders  which 
communicate  with  one  discharge-pipe  at  the  lower  end,  and  are 
alternately  filled  and  emptied  by  the  movement  of  a  lever.  The 
mouths  of  the  cylinders  are  now  folded  down  on  the  powder  by 
two  rectangular  folds,  and  the  cartridges  bundled  in  packages  of 
ten. 

For  this  a  folding-box  is  necessary.  It  is  made  with  but 
two  vertical  sides,  at  a  distance  from  each  other  equal  to  five 
diameters  of  the  ball,  and  two  diameters  high.  Two  strip? 
of  wood  nailed  to  the  table  will  answer  very  well  as  a  folding- 
box. 

Bundling— Put  a  wrapper  in  the  folding-box,  and  place  in  it 
two  tiers  of  five  cartridges  each,  parallel  to  each  other  and  to  the 
short  sides  of  the  wrapper,  the  balls  alternating ;  wrap  the  car- 
tridges whilst  in  the  folding-box,  by  folding  the  paper  over  them; 
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tie  them,  first  in  the  direction  of  the  length,  then  of  the  breadth, 
with  a  bit  of  twine  fastened  in  a  single  flat  knot. 

A  package  of  twelve  percussion-caps  is  placed  in  each  bundle 
of  ten  cartridges,  at  the  end  of  the  bundle. 

The  case  for  the  caps  is  made  like  a  cylinder  for  a  rifle  car- 
tridge ;  it  is  choked  at  one  end  and  tied ;  when  the  caps  are 
inserted,  it  is  folded  like  a  cartridge. 

The  bundles  are  marked  with  the  number  and  kind  of  car- 
tridge. 

Making  Bullets. — Until  a  comparatively  recent  date,  projec- 
tiles for  small  arms  were  made  by  casting ;  but  they  are  now  made 
altogether  by  pressure,  which  renders  them  more  uniform  in  size, 
smoother,  and  more  solid  than  the  cast  ones.  Since  the  introduc- 
tion of  the  elongated  bullet,  a  machine  has  been  adopted,  which, 
receiving  the  lead  in  the  form  of  round  bars  of  about  the  diame- 
ter of  tho  bullets,  converts  it  into  perfect  projectiles  with  great 
rapidity. 

Packing  Bcllets. — The  bullets  are  packed  in  strong,  hooped 
boxes  for  transportation.  The  cylindrical  part  of  the  elongated 
bullet  is  covered  with  a  melted  composition  of  ono  part  beeswax 
and  three  parts  tallow,  care  being  taken  to  remove  all  the  grease 
from  the  bottom  of  the  ball,  as,  by  coming  in  contact  with  the 
bottom  of  the  case,  it  would  penetrate  the  paper  and  injure  the 
powder.  Tin's  composition  is  sometimes  put  on  before  packing, 
but  usually  not  until  just  before  the  cartridges  are  made  up. 

1,000  (about  75  lbs.)  of  the  elongated,  and  100  lbs.  of  the 
spherical  bullets  and  buckshot,  are  packed  in  a  box,  which  should 
be  marked  with  the  weight  and  kind,  the  place  and  date  of 
fabrication. 

Cartridges  for  Elongated  Projectiles. — These  cartridges 
differ  so  much  from  those  used  with  the  spherical  bullet,  and 
being  now  adopted  in  our  service  for  all  anus,  a  distinct  de- 
scription becomes  necessary. 

The  former  used  is  a  cvlindrical  stick  of  the  exact  diameter  of 
the  bore  for  which  the  cartridges  are  to  be  made.  This,  making 
the  exterior  diameter  of  the  case  somewhat  larger  than  the  bullet 
will  prevent  the  outer  wrapper  from  binding  around  its  base 
when  the  cartridge  is  broken. 

In  this  cartridge,  a  cylinder-case  and  two  xcrajypcrs  arc  used. 
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The  Cylinder  Case,  as  Fig.  263,  which  contains  the  powder, 
is  made  of  a  rectangular  piece  of  stiff  rocket-paper,  No.  4. 

The  Cylinder  Wrapper,  Fig.  263,  in  which  this  is  inclosed,  is 
a  trapezoidal  piece  of  paper  (either  of  the  kinds  designated  in  the 
Ordnance  Manual  as  Nob.  1,  2,  or  3,  may  be  used). 

The  Outer  Wrapper,  Fig.  264,  is  also  in  the  form  of  a  trape- 
zoid, and  should  not  be  too  strong,  in  order  that  the  cartridge 
may  be  easily  torn.  That  designated  as  No.  3  is  recommended 
in  preference  to  No.  1. 

(For  the  dimensions  of  these,  see  Appendix,  p.  39.) 

To  make  the  cartridge, 
place  the  cylinder-case  on  the 
cylinder  wrapper,  as  shown  by 
the  broken  lines  on  Fig.  263, 
and  laying  the  former  on  the 
edge  f,  roll  both  on  it,  allow- 
ing a  portion  of  the  wrapper 
to  project  beyond  both  case  and 
former.  The  end  of  the  case  is  closed  by  folding  this  projecting 
part  of  the  wrapper  down  against  the  end  of  the  former  (which  is 
made  slightly  concave),  and  pasting  the  folds.  It  is  then  taken 
off  the  former  and  allowed  to  dry. 

When  dry,  the  former  is  again  inserted  in  the  case,  laid  along 
the  edge  c  of  the  outer  wrapper,  and  smoothly  rolled  up  in  it, 


.fc. — 

Fig.  263. 


allowing  sufficient  of  the  end  a  to  project  beyond  the  bottom  of 
the  case  to  receive  the  ball  and  form  the  choke.   The  ball  is  then 
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inserted  in  this  end,  the  base  resting  on  the  bottom  of  the  cylin- 
der-case, the  paper  neatly  choked  around  the  point  of  the  ball, 
and  fastened  with  two  half-hitche6  of  cartridge-thread. 

The  former  is  then  withdrawn,  the  powder  poured  into  its 
place,  and  the  mouth  of  the  cartridge  folded  in  the  usual  way, 
Fig.  2G5.  This  appears  to 
be  a  better  arrangement 
than  is  adopted  in  most  of 
the  European  armies  for  the 
cartridge  for  the  elongated 
ball.  In  most  cases,  the 
point  is  fixed  next  the  pow- 
der, rendering  it  necessary 
to  reverse  the  ball  after  the  powder  is  poured  into  the  gun. 

To  use  this  cartridge,  the  fold  is  torn  as  usual,  and  the  powder 
emptied  into  the  muzzle.  The  ball  is  then  seized  between  the 
thumb  and  forefinger,  and  the  case  struck  sharply  across  the 
muzzle  of  the  piece ;  this  breaks  away  the  paper,  and  exposes  the 
bottom  of  the  ball.  By  a  slight  pressure,  the  ball  is  forced  into 
the  muzzle  clear  of  all  cartridge-paper. 

pEitccssioN-CArs. — There  are  a  number  of  difFercnt  kinds  of 
caps  or  priming-material  used  with  small  arms. 

Until  about  the  end  of  the  last  century,  the  almost  universal 
method  of  firing  small  arms  was  by  means  of  the  flint-lock,  which, 
itself,  had  succeeded  as  a  great  improvement,  the  use  of  the 
match,  and  wheel-locks,  at  the  end  of  the  preceding  century,  16*70. 
Towards  the  end  of  the  last  century,  fulminating-powder  was  dis- 
covered, and  as  early  as  1807,  was  used  in  sporting-arms  as  a 
more  certain  means  of  exploding  the  charge,  and  from  this  gradu- 
ally extended,  not  only  to  the  small  arms  U6ed  in  the  military 
service,  but  also  to  cannon  ;  and  it  is  now,  with  very  few  excep- 
tions, universally  adopted  for  small  arms. 

Hie  powder  first  used  was  chlorate  of  potassa,  which  was 
found  to  oxidize  and  corrode  iron  and  steel  very  rapidly,  and  was 
Boon  abandoned,  being  replaced  by  the  fulminate  of  mercury,  the 
action  of  which  upon  these  metals  is  very  slight.  It  was  first  en- 
cased in  an  envelope  of  wax,  and  afterwards  placed  at  the  bottom 
of  a  cap  of  thin  copper,  as  now  employed. 

The  difficulty  of  seizing  and  adjusting  so  small  a  body  as  the 


Digitized  by  Google 


372 


AMMUNITION. 


ordinary  cap,  under  all  circumstances,  especially  in  the  dark,  or 
when  the  fingers  are  benumbed  with  cold,  led  to  the  adoption  of 
a  very  large  size,  on  the  lower  edge  of  which  a  projecting  nm  was 
placed  to  serve  as  a  guide  to  the  fingers. 

It  was  soon  found  that  these  caps  were  so  large  and  thick  that 
the  hammer  sometimes  failed  to  explode  the  powder,  and  this 
was  obviated  by  a  change  in  the  nipple,  the  opening  in  which  is 
made  conical  at  top  instead  of  cylindrical,  so  that  the  powder  is 
forced  by  the  action  of  the  hammer  upon  a  sharp  edge,  which 
presenting  a  much  smaller  number  of  points  than  the  whole  sur- 
face, never  fails  to  explode  it.  The  new  system  was  applied  to 
small  arms  in  France  in  1840-1,  and  in  this  country  several  years 
afterwards,  flint-lock  guns  being  changed  to  percussion. 

The  Common  Percussion  Cap  is  now  made  entirely  by  ma- 
chinery. The  machine  used  in  the  United  States  (Wright's), 
forms  the  cap  from  a  sheet  of  copper,  primes  it,  and  turns  it  out 
completely  finished  all  except  the  varnishing,  which  is  done  very 
rapidly  in  another  machine. 

A  punch  first  cuts  from  the  sheet  of  copper  a  piece  in  the  form 
of  a  cross,  wliich,  sliding  down  an  inclined  plane,  lands  over  a 
die,  when  a  punch  comes  down  upon  it  and  presses  it  into  the 
cap,  the  die  and  punch  being  so  regulated  that  the  slits  in  the  cap 
do  not  extend  to  the  bottom,  which  protects  more  completely  the 
percussion-powder  from  moisture. 

A  horizontally  revolving  plate  now  brings  a  hook  under  the 
rim  of  the  cap,  and  carries  it  around  under  the  hopper  containing 
the  percussion-powder,  which  drops  a  charge  of  the  dry  powder 
in,  and  the  plate  continuing  to  revolve  brings  the  cap  under  a 
punch,  which  not  only  presses  the  powder  solidly  into  its  place, 
but  polishes  the  surface  of  it.  This  machine  is  capable  of  turning 
out  5,000  caps  an  hour,  being  furnished  the  copper  in  sheets. 

Percussion-Powder. — The  powder  used  in  these  caps  consists 
of  the  fulminate  of  mercury  mixed  with  half  its  weight  of  salt- 
petre. To  prepare  the  mixture,  the  fulminate  of  mercury,  which 
is  kept  in  jars  under  water,  is  first  drained  and  partially  dried 
until  it  contains  only  20  per  cent,  of  water.  It  is  then  intimately 
mixed  with  60  per  cent,  of  its  weight  of  refined  pulverized  nitre, 
by  working  with  a  spatula  and  wooden  muller  on  a  mcaling-table. 
Whilst  still  moist,  the  mixture  is  passed  through  a  common  hair 
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sieve,  and  is  then  dried  with  great  eare,  passed  a  second  time 
through  the  sieve,  by  rubbing  it  with  the  hand  or  a  leather  pad, 
until  it  is  reduced  to  a  fine-grained  ]>owder,  when  it  is  ready  for 
use.    The  charge  for  each  cap  is  half  a  grain. 

Varnisiiiko. — The  caps  are  varnished  to  protect  the  powder 
from  the  action  of  moisture.  Hie  varnish  is  made  by  dissolving 
the  best  gum  shellac  in  rectified  alcohol ;  and  a  single  drop  is 
placed  in  each  cap,  by  means  of  a  glass  tube  furnished  with  a 
sliding  valve  of  iron  wire,  which  allows  the  drop  to  escape  when 
the  tube  is  pressed  against  the  bottom  of  the  cap.  The  caps  are 
placed  in  holes  made  in  a  board,  500  in  each  board.  This  is 
rapidly  done  by  placing  a  number  on  the  board  and  shaking  it 
sideways,  when  the  caps  settle  into  the  holes,  and  the  defective  or 
uncharged  ones  arc  easily  discovered  by  inspection. 

The  varnish  is  also  applied  by  a  simple  machine,  which  con- 
sists of  a  handle,  to  which  is  attached  a  number  of  little  pistons 
or  pins.  A  reservoir  of  varnish  is  placed  on  one  side  of  this,  and 
on  the  other  a  board  containing  the  caps.  The  turn  of  the  handle 
in  one  direction,  loads  each  piston  with  a  drop  of  the  varnish,  and 
a  turn  in  the  opposite  direction  deposits  these  in  the  caps. 

Maynabd's  Primers  are  made  by  a  machine  in  which  the 
principal  parts  are  three  cast-iron  plates, 
one  on  top  of  the  other.  Fig.  266.  The 
bottom  one  has  projecting  from  its  sur- 
face, 500  small  pins,  which  fit  closely  into 
as  many  holes  bored  entirely  through  the 
second  plate.  Springs  are  so  arranged 
between  these  two  plates,  that  the  dis- 
tance between  them  can  be  accurately 
regulated,  governing  thus  the  distance  L 
from  the  top  of  the  pins  to  the  surface  of  rir  '** 

the  second  plate.  These  two  plates  are  represented  as  completely 
separated  in  the  figure,  which  is  a  section  through  the  three 
plates  perpendicular  to  their  lengths,  and  through  one  row  of 
holes. 

The  third  plate  has  countersunk  in  its  lower  surface,  500  little 
cups  of  the  size  of  the  primer  to  be  made,  which  correspond  when 
the  plate  is  in  its  position  to  the  500  holes  in  the  second  plate. 

Having  adjusted  the  first  and  second  plates,  the  percussion 
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powder,  containing  abont  twenty  per  cent,  of  moisture,  is  spread 
over  the  middle  or  charging  plate  with  a  steel  pallette.  All  that 
portion  of  the  holes  above  the  little  pins,  is  thereby  filled,  and  the 
powder  on  the  surface  of  the  plate  is  removed.  A  sheet  of  6trong, 
well-made  paper,  called  parchment  paper,  is  now  slightly  damp- 
ened and  laid  over  the  powder. 

The  third,  or  moulding-plate,  is  now  placed  on  the  paper,  and 
the  three  plates  transferred  to  a  screw-press,  where,  pressure  being 
applied,  the  paper  and  powder  are  forced  into  the  little  cops 
of  the  moulding-plate.  The  top  plate  is  taken  off,  the  sheet 
of  paper  adhering  to  it,  and  a  sheet  of  thin,  strong  paper,  well 
coated  with  paste,  is  smoothed  down  upon  the  other,  and  the 
plate  and  papers  again  subjected  to  pressure.  The  paste  used  to 
unite  the  two  sheets  of  paper  is  made  of 

10  parts  of  gelatine  and 
1    "     "  sugar-house  molasses. 

After  a  few  minutes'  strong  pressure,  the  plate  is  taken  from 
the  press,  the  sheet  of  primers  removed  from  it  and  dried.  After 
which,  a  coat  of  coloring  mixed  with  shellac  varnish,  is  applied, 
and  the  sheet  dried  again. 

It  is  then  cut  by  machine-sheers,  into  ten  strips  of  fifty 
primers  each,  the  strips  given  three  coats  of  varnish,  dried  after 
each,  and  then  coiled  by  inserting  one  end  in  a  slit  in  the  end  of 
a  little  windlass  and  turning  it.  Each  coil  is  then  wrapped  in 
paper,  coated  with  linseed  oil,  and  packed  ten  coils  together  in 
cylindrical  tin  boxes  of  the  diameter  of  the  coil. 

FIRE- WORKS    FOR  INCENDIARY  PURPOSES,  SIGNALS  AND  LIGHTS. 

Incendiary  Compositions  for  loading  shells,  <fec.  In  shells 
designed  to  set  fire  to  buildings  or  combustible  materials  of  dif- 
ferent kinds,  something  more  than  powder  mu6t  be  placed,  to  be 
scattered  by  the  bursting  of  the  shell,  so  as  to  make  its  effects  felt 
to  as  great  a  distance  as  possible.  The  use  of  pieces  of  portfire 
for  this  purpose  has  already  been  mentioned.  The  others  princi- 
pally used  are  fire-ttone  and  Valenciennes  composition. 

Fire-Stone  is  a  hard  and  highly  combustible  compostion, 
the  flame  of  which  penetrates  and  sets  fire  to  most  substance 
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with  which  it  comes  in  contact.  There  are  several  different 
compositions  used,  one  of  the  best  being, 

Mutton  Tallow,  ...  1  part. 

Turpentine,         .         .  ,     1  " 

Kosin,  .         .         .         .         3  " 

Sulphur,  .         .         .         .  4  " 

Nitre,  .         .         .  10  " 

Kegulus,  (or  pure)  Antimony.     .  1  " 

The  last  four  substances  are  pulverized  separately,  and  well 
mixed  together  by  baud.  In  an  iron  kettle,  the  bottom  of  which 
only  is  heated  in  a  furnace,  or  in  a  pan  over  a  fire  in  the  open  air, 
the  first  two  are  melted  together,  and  the  pulverized  ingredients 
thrown  in,  a  small  quantity  at  a  time,  the  whole  being  kept  con- 
stantly stirred  with  long  wooden  or  copper  spatulas.  It  is  very 
liable  to  take  fire  from  the  heat  of  the  vessel,  if  all  the  mixture  is 
not  kept  constantly  on  the  move.  The  operation  is  finished  when 
the  composition  takes  a  bright  metallic  lustre,  increasing  in 
fluidity. 

It  is  then  poured  out  into  wooden  moulds  and  allowed  to  cool ; 
after  which  it  is  broken  up  into  pieces  and  introduced  into  shells, 
as  required.  It  is  also  used  in  the  manufacture  of  thundering 
barrels. 

Another  way  of  preparing  it,  is  to  cast  it  into  cylindrical 
moulds,  made  of  paper,  and  of  two  sizes,  according  to  the  shells 
in  which  they  are  to  be  used.  The  largest  for  13  and  10  in.  shells, 
and  the  other  for  8  in.  and  42-pd  and  32-pd. 

In  the  axis  of  the  mould,  a  small  paper  tube  is  placed  to  re- 
ceive the  priming.  The  moulds  are  about  0.05  in.  thick,  and 
made  by  rolling  rocket  paper  on  a  former,  and  fastening  it  with 
glue.  The  priming  tubes  are  made  with  4  turns  of  musket-car- 
tridge paper. 

For  the  convenience  of  filling,  the  moulds  are  placed  upright 
in  a  frame  of  wood,  a  small  spindle  being  fastened  at  the  bottom 
of  each  to  receive  and  support  the  priming  tubes. 

When  the  composition  has  become  solid,  the  moulds  arc  taken 
from  the  frame,  and  removed  from  around  the  fire-stone,  and*the 
priming-tubes  filled  with  the  composition  used  in  the  fuzes  for 
mortar-shells,  tightly  driven.  Both  ends  of  the  cylinder  are  then 
dipped  in  mealed  i>owdcr,  and  the  outside  scraped  clean  of  paper. 
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The  cylinders  are  3  ins.  long,  and  can  readily  be  introduced  into 
the  eyes  of  the  shells,  being  from  1  to  1J  in.  in  diameter. 

Valenciennes  Composition,  is  made  in  pretty  much  the  6ame 
way,  being  cast  in  cylindrical  copper  moulds,  6  in.  long,  and 
broken  into  pieces  as  large  as  the  shell  will  admit  without  inter- 
fering with  the  fuze.   It  is  made  of 

Nitre,  ....         50  parts. 

Sulphur,  .         .         .         .     28  " 

Antimony,  .  .  .  .  18  44 
Rosin  6  44 

Carcasses,  are  sometimes  filled  with  fire-stone,  and  the  hole* 
for  priming  bored  out  before  it  becomes  hard.  The  usual  filling, 
however,  is  portfire  composition  mixed  with  a  small  quantity  of 
finely  chopped  tow,  and  incorporated  with  equal  parts  of  white 
turpentine  and  spirits  of  turpentine,  until  a  proper  consistency  is 
attained.  This  composition  is  compactly  pressed  into  the  carca** 
with  a  drift,  so  as  to  fill  it  entirely.  Plugs  about  £  in.  in  dia- 
meter are  then  inserted  in  the  holes,  meeting  at  the  center, 
forming  when  withdrawn,  the  priming  holes  of  the  projectile.  In 
each  of  these  holes,  three  strands  of  quick-match  are  inserted, 
long  enough  to  project  two  or  three  inches  outside,  and  packed 
in  with  portfire  composition.  The  quick-match  is  coiled  into  the 
holes  and  fastened  there  by  cotton  patches,  secured  with  glue  or 
kit,  until  the  carcass  is  wanted. 

Common  shells  may  be  loaded  as  carcasses,  by  placing  the 
bursting-charge  in  a  flannel  bag  at  the  bottom  and  driving  in 
carcass  composition  until  the  shell  is  nearly  filled  ;  4  or  5  strands 
of  quick-match  are  then  inserted  and  secured,  by  driving  more 
composition  upon  it.  These  shells,  after  burning  as  a  carcas*. 
explode. 

Siqnal  Rockets — These  are  usually  made  of  two  sizes,  1 
and  2 ',  and  are  designated  by  the  exterior  diameter  of  the  case. 
The  case  is  made  of  paper.  A  sheet  of  No.  4  (19 '  x  28")  make* 
two  strips  for  the  2''  rocket,  by  cutting  it  in  two,  parallel  to  the 
short  side ;  and  when  cut  in  the  other  direction,  makes  two  strip* 
for-the  If'. 

The  former,  Fig.  267,  consists  of  two  parts,  the  longest  one 
being  square  at  one  end,  and  having  at  the  otiier,  where  it 
slightly  rounded,  a  conical  opening,  into  which  fits  the  spindle  of 
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the  second  part,  which  is  shorter  than  the  first.    At  the  point 
where  the  two  parts  join,  both  being  rounded,  is  a  depression 
which  is  to  form  the  choke  of  the  rocket.    The  diameter  of  the 
former  is  f  of  the  caliber  of  the  rocket. 

To  make  the  case,  the  former  is  enveloped  with  a  sheet  of  the 
paper,  cut  to  the  proper  size  and  pasted  after  the  first  turn.  It  is 
then  placed  in  the  press  and  rolled  tight,  after  which  another 
piece  of  paper  is  rolled,  pasted,  and  pressed  on  ;  and  so  on  until 
the  proper  size  is  obtained.  The  press  consist*  of  a  table  having 
grooves  in  the  top,  of  a  proper  size  to  receive  the  cases.  On  top 
of  this  is  placed  a  heavy  platform  with  corresponding  grooves, 
and  this  is  hinged  to  the  table  and  raided  by  a  lever  to  put  the 
cases  in.  The  cases  are  then  rolled  by  slipping  a  handle  on  the 
square  end  of  the  former  and  turning  it. 

Choking. — To  choke  the  case,  it  is  wrapped  at  the  joint  of  the 
former  with  a  piece  oT  strong  paper,  to  prevent  the  choking  cord 
from  chafing  it.  A  strong,  smooth  cord  is  attached  to  the  top  of 
a  stationary  post,  passes  over  the  end  of  a  jointed  limb  which 
projects  from  it,  and  is  secured  to  a  treadle  near  the  flour.  A  turn 
in  taken  around  the  case  at  the  joints  of  the  former  with  the  cord, 
the  foot  pressed  upon  the  treadle,  and  the  case  turned  at  the  same 
time.  As  the  paper  yields  to  the  pressure,  the  short  part  of  the 
former  is  drawn  out,  until  the  case  is  sufficiently  contracted,  when 
the  cord  is  taken  off,  the  choke  wrapped  with  strong  twine,  and 
the  former  removed.  When  the  case  is  perfectly  dry,  it  is  trimmed 
to  the  proper  length,  so  that  the  distance  from  the  middle  of  the 
choke  to  the  bottom  shall  be  equal  to  that  from  the  bottom  of  the 
spindle  to  the  bottom  of  the  mould,  and  the  remaining  j»ortion 
c<]ual  in  length  to  the  distance  between  the  bottom  of  the  spindle 
and  top  of  the  mould. 

Mixing  the  composition. — The  composition  should  be  well 
mixed,  by  passing  it  through  fine  sieves,  and  rubbing  it  in  the 
hands.  The  charcoal,  being  the  lightest  ingredient,  must  be  added 
after  the  nitre  and  sulphur  have  been  mixed.  Steel  filings  or 
antimony  should  be  added  after  the  charcoal ;  and  whilst  driving 
25 
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the  rocket,  the  composition  must  be  frequently  6tirred  to  prevent 
these  heavy  materials  from  settling  to  the  bottom. 

(For  the  proportion  of  the  ingredients,  see  Appendix,  p.  52.) 

Moulds  for  driving  rockets  are  cast  in  a 
single  piece  and  bored  out  to  the  proper 
caliber.  The  spindle,  which  is  made  of 
cast-steel,  stands  on  and  is  connected  with 
the  base,  of  cast-iron,  as  is  represented  in 
Fig.  268.  The  mould  being  passed  down 
over  the  spindle,  is  secured  by  a  pin,  which 
runs  through  both. 

Driving. — The  case  is  placed  over  the 
spindle,  choke  down,  and  settled  with  a 
mallet  until  it  rests  on  the  base  of  the 
spindle.  The  mould  is  then  placed  over 
it,  and  keyed  to  the  base,  which  should  rest 
on  some  solid  foundation,  as  a  large  block 
of  wood. 

The  composition  is  placed  in  from  a  ladle,  which  is  made  of 
such  a  size  as  to  contain  enough  to  form  a  column  when  driven 
equal  in  height  to  J  the  interior  of  the  case.  In  driving,  four 
drifts  (Fig.  269)  are  used,  made  of  brass,  or  hard  seasoned  wood 
tipped  with  brass.  The  drifts  have  handles,  strengthened  at  the 
top  by  copper  bands.  The  first  drift  is  pierced,  to  receive  the 
whole  length  of  the  spindle,  the  second  to  receive  f  of  it,  the  third 
to  receive  i,  and  the  fourth  is  solid. 


Mallets,  for  driving  1$"  and  2*  rockets  are  turned  out  of  hard, 
well-seasoned  wood,  and  weigh  about  2  and  3  lbs.  respectively. 
The  force  to  be  employed  in  driving  depends  on  the  size  of  the 
rocket,  the  largest  receives  30,  and  the  smallest  25  blows,  for 
ladle  full  of  composition. 

The  hollow  drifts  are  first  used,  tho  shorter  ones  being  tak 
as  flie  case  fills.    When  the  composition  reaches  the  top  of  the 
spindle,  one  more  diameter  is  driven  with  the  solid  drift.  tin<l 
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covered  with  a  patch  of  stiff  paper,  cut  to  fit  the  case ;  and  over 
this  is  driven  a  wad  £  of  a  diameter  high,  of  clay,  or  plaster  of 
paris  slightly  moistened  with  water.  This  wad  is  afterwards 
pierced  with  a  gimlet  through  to  the  composition,  by  means  of 
which  fire  is  communicated  to  the  bursting-charge  in  the  pot 
containing  the  ornaments. 

Rockets  are  sometimes  driven  solid  throughout,  and  after- 
wards bored  out  with  a  tap  of  the  form  of  the  spindle. 

Pots  are  made  of  rocket -paper,  by  rolling  two  or  three  turns  of 
it  upon  a  former  of  the  same  diameter  as  the  rocket-case,  pasting 
it  all  well  except  the  first  turn  on  the  former. 
Hie  pot  is  two  diameters  long,  and  when  attached 
to  the  rocket  has  an  interior  depth  of  one  and  a 
half  diameters.  In  it  are  placed  the  ornaments  of 
the  rocket,  and  the  charge  of  powder  designed  to 
blow  them  apart. 

Conks  are  made  of  rocket  paper,  which  is  cut 
into  circles  of  a  diameter  equal  to  twice  the  height 
of  the  cones  to  be  made.  Each  of  these  circles, 
cut  in  half,  makes  two  cones.  They  are  rolled  upon 
the  former,  Fig.  27<\  pasted  and  dried. 

Peiming. — A  rocket  is  primed  by  coiling  a 
piece  of  quick-match,  about  2'  long,  in  the  conical 
opening,  and  covering  it  with  a  cap  of  strong 
paper,  pasted  down  or  tied  in  the  choke.  F,r" na 

Making  — The  pot  is  placed  in  position,  by  pasting  the 
upper  part  of  the  case,  and  sliding  it  into  the  pot  to  tho  proper 
distance;  or  a  ring  of  light  wood  may  be  used,  which  fitting 
inside  the  lower  end  of  the  pot,  is  placed  over  the  upper  end  of 
the  case,  by  taking  oft*  several  folds  of  the  paper  down  as  far  as  is 
necessary.  The  planter  of  paris  covering  having  been  pierced 
with  a  gimlet,  the  hole  is  filled  with  meal-powder,  and  the  burst- 
ing-charge and  ornaments  placed  in  the  pot  with  a  slight  covering 
of  tow.  The  cone  filled  with  tow  (to  assist  in  resisting  the  pres- 
sure of  the  air),  and  with  its  bate  cut  to  the  same  size  as  the  pot, 
is  placed  on  top  of  the  latter,  to  which  it  is  fastened  by  pasting 
over  it  a  cone  made  of  fine  paper,  the  lower  part  being  cut  into 
6lips,  and  pasted  down  over  the  pot.    A  slip  of  fine  paper  is  then 


Digitized  by  Google 


3S0 


AMMUNITION. 


pasted  around  the  joint,  to  give  a  finish  to  the 
rocket.  The  cone  decreases  the  opposition  offered 
Ly  the  air,  and  assists  the  rocket  in  penetrating  it. 

Sticks. — As  a  guide  to  the  rocket,  a  stick  made 
of  dry  pine,  or  other  light  wood,  and  nine  times  the 
length  of  the  case,  is  attached  to  it  with  twine.  The 
large  end  is  fixed  to  the  case,  and  is  beveled  off  so 
as  to  decrease  the  resistance  of  the  air.  The  side 
next  the  case  is  grooved  out  for  a  distance  equal  to 
$  the  length  of  the  case,  which  fits  into  it.  Just 
below  the  bevel,  and  also  opposite  the  choke, 
notches  are  cut  to  receive  the  twine  by  which  the 
case  is  bound  to  the  stick.    (See  Fig.  271.) 

The  other  end  of  the  stick  is  decreased  in  thick- 
ness to  half  that  of  the  case  end.  The  poise  of 
rockets  should  be  verified  by  balancing  them  on  a 
knife-edge.  Those  under  If  should  balance  at  3 
diameters  from  the  neck ;  between  that  and  2",  at 
2£  diameters ;  and  larger  rockets  at  2  diameters.  If 
tho  stick  is  too  light,  the  rocket  will  not  rise  verti- 
cally ;  and  if  too  long  and  heavy  it  rises  slowly,  and 
will  not  arrive  at  its  proper  height. 

Decorations. — Various  kinds  are  used,  such  as 
Stars,  Gold  Bain,  Serptnts,  Bain  of  Fire,  Mar-^ 
rons,  &e.  fi*. 

Stars  are  the  most  beautiful  decorations  of  rockets.  Thev 
are  made  by  driving  the  composition,  moistened  with  alcohul  and 
a  small  quantity  of  gum-arabic  solution,  in  portfire  moulds,  with- 
out any  paper  case,  and  with  a  moderate  number  of  blows  ;  thev 
are  cut  into  lengths  of  about  \  of  an  inch,  and  dredged  with 
mealed  powder.  A  more  expeditious  and  better  mode  of  making 
them  is,  to  mould  them  in  a  brass  cylinder  of  the  diameter  desiroi 
for  the  stars,  and  push  them  out  with  a  rammer,  cutting  them 
into  proper  lengths  as  they  are  formed.  Stars,  after  being  dredged 
with  mealed  powder,  must  be  dried  in  the  shade.  The  gum 
arabic  used  in  the  star  composition  is  intended  to  give  6uch  consis- 
tency to  the  stars  that  tiie  explosion  of  the  head  of  the  rocket  may 
not  break  them  in  pieces,  and  thereby  destroy  the  effect.  For 
composition,  see  Appendix,  p.  52. 
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Gold  Rain  is  made  in  the  same  manner  as  stars,  observing  to 
out  or  mould  the  composition  into  pieces  of  equal  size.  The  effect 
of  this  decoration  is  beautiful,  and  it  is  less  troublesome  than 
.   serpents.    (For  composition,  see  Appendix,  p.  52.) 

Skri-knts  are  driven  in  small  cases  made  of  rocket-paper  or 
playing-cards,  rolled  over  a  former  0.4  inch  in  diameter  and 
covered  with  two  thicknesses  of  strong  fine  paper,  the  last  turn  of 
which  is  pasted.  When  dry,  these  cases  arc  choked  at  one  end, 
without  being  entirely  closed,  and  are  then  charged  about  |  of 
their  length  with  composition,  by  means  of  a  small  mallet,  a  drift, 
and  a  block  of  wood  with  a  hole  bored  in  it  to  receive  nearly  the 
the  whole  length  of  the  case.  The  case  is  choked  over  the  compo- 
sition, and  the  remainder  of  it  is  nearly  filled  with  mealed 
powder,  upon  which  a  small  paper  wad  is  placed  ;  a  clay  head  is 
then  driven  on  it,  and  the  end  of  the  case  turned  down,  to  secure 
it ;  the  other  end  is  opened  with  a  punch,  and  primed  with  priming 
jmste,  or  a  small  strand  of  quick-match.  Serpents  are  placed 
perpendicularly  in  the  pot,  with  the  primed  end  downwards. 
(For  composition,  see  Appendix,  p.  52.) 

liM.v  of  Fikk  is  made  with  small  cases  0.3  in.  diameter,  and 
2  ins.  long,  two  thicknesses  of  puper  being  sufficient.  The  end 
of  the  case  is  closed,  and  it  is  charged  and  primed  like  that  for  a 
serpent,  except  the  powder  for  a  cracker.  Composition,  10  parts  of 
mealed  po\v#er  and  6  of  charcoal.  Another  kind,  which  shows 
in  sparks,  is  made  of  1G  j  arts  camphor,  S  of  niter,  8  of  mealed 
powder,  and  8  of  tow.  The  composition  is  formed  into  a  very 
liquid  paste  with  gummed  brandy,  and  after  mixing  in  the  tow 
chopped  fine,  is  rolled  into  small  balls  about  the  size  of  buck-shot, 
covered  with  mealed  powder,  and  dried. 

M AKBo.vs  arc  cubes  filled  with  grained  powder,  and  enveloped 
with  two  or  three  layers  of  strong  twine  or  marline  ;  to  give  them 
more  consistency,  they  are  dipped  in  kit ;  they  are  primed  by 
punching  a  small  hole  in  one  comer  and  inserting  quick-match. 
They  are  made  of  strong  pasteboard,  cut  into  the  form  of  a  paral- 
lelogram whose  sides  are  in  the  proportion  of  3  to  5,  divided  by 
4  cuts  from  each  side,  extending  one  third  of  the  width,  and  at 
equal  distances  apart,  which  prepare  the  paper  for  folding  into 
the  form  of  a  cube  of  the  size  of  one  of  the  small  squares  thus 
marked  out. 
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Packing  Rockets. — The  sticks  are  tied  up  in  bundles;  the 
rocket-case  is  wrapped  with  tow  so  as  to  be  larger  than  the  pot, 
the  tow  being  confined  with  a  piece  of  twine  long  enough  to  tic 
on  the  stick.  The  rockets  are  placed  in  a  box  on  a  bed  of  tow 
laid  under  the  choke,  and  they  are  pressed  closely  together  ;  tow 
is  then  carefully  stuffed  in  between  the  heads  of  the  rockets  ;  each 
tier  is  also  covered  with  tow. 

Wak-Kockets. — The  cases  of  war-rockets  are  made  of  sheet- 
iron,  lined  with  paper  or  wood  veneer.  The  head  is  of  cast-iivn, 
and  may  be  either  a  solid  shot  or  a  shell,  with  a  fuze  communi- 
cating with  the  rocket  composition.  The  case  is  usually  chargx?d 
solid,  by  means  of  a  ram,  or  a  press,  and  the  core  is  then  bored 
out. 

The  dimensions  of  war-rockets  are  indicated  by  the  exterior 
diameters  of  the  cases. 

These  rockets  have  been  made  of  two  kinds,  viz. : 

1.  The  Congress  Rocket,  which  has  a  directing  stick  fastened 
to  the  tail-piece,  in  the  axis  of  the  rocket. 

2.  Hale's  Rocket,  which  requires  no  stick,  its  direction  being 
maintained  by  a  peculiar  arrangement  of  holes  in  the  tail-piece, 
through  which  the  flame  issues. 

Fire  Balls  are  oval-shaped  projectiles,  formed  of  c&nvu 
sacks  filled  with  combustible  material.  The  sack  is  made  <f 
strong,  close  canvas,  two  or  three  thicknesses  of  *hich  may  I* 
sewed  together  according  to  its  strength.  These  are  sniearexl  <.n 
all  sides  with  kit  composition  (6ee  Appendix,  p.  53)  after  the  stuff 
is  cut  into  three  curved  pieces,  which  are  then  sewed  together 
to  form  the  ball.  The  mouth  is  left  open,  and  after  the  bag  hu 
been  turned  to  bring  the  seams  inside,  the  edges  are  turned  out- 
wards over  an  iron  ring,  and  sewed  to  it.  This  ring  must  be  larv^ 
enough  to  admit  the  6hell  which  is  to  go  inside. 

The  shell  is  charged  with  powder  and  fitted  with  a  slow- 
burning  fuze.  A  tarred  link,  dipped  in  melted  rosin,  pitch,  and 
tallow,  is  fastened  with  twine  to  the  shell  around  the  fuze,  to 
insure  the  latter  taking  fire. 

Charging. — The  6ack  is  now  placed  in  a  spherical  mould 
formed  of  two  heavy  blocks  fastened  together  with  iron  band*, 
and  a  layer  of  soft  composition  placed  in  the  bottom  (see  Appen- 
dix, p.  53).    On  this  is  placed  the  shell  with  the  fuze  down,  it 
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being  kept  in  place  by  twine  passing  through  the  sides  of  the 
sack,  or  by  a  piece  of  canvas  sewed  to  tho  6ides.  The 
sack  is  filled  with  composition  to  the  proper  height  above  the 
shell,  and  the  additional  quantity  of  dry  composition  is  placed  in 
a  heap  in  the  center,  finishing  the  filling  with  the  dry  composi- 
tion, which  is  rammed  in  with  a  wooden  drift  and  mallet.  The 
sack  is  then  taken  out  of  the  mould,  the  mouth-ring  taken  off,  and 
the  mouth  closed  by  sewing  or  tying  the  pieces  together. 

To  prevent  the  ball  from  being  broken  by  the  force  of  the 
charge,  it  is  furnished  with  an  iron  bottom  made  of  plate-iron,  to 
which  it  is  fastened  with  a  cement  which  is  poured  hot'  into  the 
bottom,  the  ball  6et  in  it  and  left  to  cool.  The  whole  is  then 
covered  and  strengthened  with  a  net-work  of  spun-yarn  or  cord, 
which,  commencing  at  the  bottom,  incloses  the  ball,  and  is  formed 
at  top  into  a  strong  loop  which  serves  as  a  handle  for  carrying  it. 

Priming. — To  prime  one  of  these  balls,  four  holes  aro  made 
about  three  inches  from  the  top,  by  driving  in,  two  inches 
deep,  greased  wooden  pins  one  inch  in  diameter.  When  the  ball 
is  to  be  primed,  these  pins  arc  removed  and  the  holes  filled  with 
fuzes,  or  fuze-composition,  driven  in  with  a  couple  of  strands  of 
quick-match.  Room  enough  is  left  in  the  hole  to  coil  up  the 
quick-match,  which  is  then  covered  with  a  piece  of  canvas,  pasted 
down  or  fastened  with  nails.  The  priming  should  not  be  done 
until  the  balls  are  required  for  use. 

rV—  These  balls  are  used  to  light  up  an  enemy's  works, 
being  thrown  out  from  mortars  for  the  purpose.  As  the  inclosed 
shell  is  liable  to  explode  at  any  moment,  it  is  dangerous  to 
approach  them  whilst  burning. 

Lioiit  Balls  are  made  in  the  same  manner  as  fire  balls,  but 
contain  no  shells,  and  are  used  to  light  up  our  own  works. 

Takrld  Links  are  used  for  lighting  up  a  rampart,  or  for  incen- 
diary purposes.  They  consist  <>f  coils  of  soft  rope  placed  on  top 
of  each  other  and  loosely  tied  together;  the  exterior  diameter  is 
six  inches,  the  interior  three  inches.  They  may  be  made  of  pieces 
of  slow  match,  about  fifteen  feet  long ;  immerse  them  for  ten 
minutes  in  a  composition  of  2<>  pitch  and  1  tallow,  and  shape 
them  under  water ;  when  dry,  plunge  them  in  a  composition  of 
equal  parts  of  pitch  and  rosin,  and  roll  them  in  tow  or  sawdust. 
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In  making  them,  the  hands  of  the  workmen  should  be  covered 
with  linseed  oil. 

A  link  takes  from  1  lb.  to  1J  lbs.  of  composition  and  |  lb.  *A 
tow.  Two  of  them  are  put  into  a  rampart  grate,  separated  by 
shavings.  They  burn  one  hour  in  calm  weather,  half  an  hour  in 
a  high  wind,  and  are  not  extinguished  by  rain.  The  grates  are 
placed  about  250  feet  apart. 

Pitched  Fascines. — Fagots  of  vine  twigs,  or  other  very  com- 
bustible wood,  about  20  inches  long  and  4  inches  in  diameter, 
tied  in  three  places  with  iron  wire,  may  be  treated  in  the  same 
manner  as  Links,  and  used  for  the  same  purpose ;  their  inflam- 
mability is  increased  by  dipping  the  ends  in  melted  fire-stone. 
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FIELD  ARTILLERY. 

Origin.— Gustavus  Adolphua  seems  to  Lave  originated  the 
field  or  light  artillery,  using  very  email  calibers,  1610  to  1622. 

Frederick  the  Great  improved  the  system,  enlarged  the  caliber, 
and  introduced  horse-artillery  into  hi6  armies,  1740  to  1786. 

When  first  used  in  the  French  service,  no  system  of  maneu- 
vers was  adopted  ;  the  artillery  was  transported  by  contract ;  and, 
the  teams  being  required  only  in  time  of  war,  no  opportunity 
was  afforded  for  the  necessary  instruction.  The  teamsters  who 
were  employed,  often  abandoned  the  pieces  in  times  of  danger,  on 
account  of  which  a  large  number  of  cannoneers  were  employed 
and  provided  with  bricohs^  to  move  the  pieces  on  the  field  of 
buttle  in  case  of  necessitv,  a  means  now  seldom  resorted  to. 

Napoleon,  in  1801,  having  created  his  corps  of  drivers,  field 
artillery  became  much  more  perfect,  and  was  inana?uvered  with 
more  case  and  boldness,  especially  after  the  adoption  of  a  regular 
system  of  instruction  under  Gen.  Foy.  Gribeauval  introduced 
the  battery  formation. 

The  manaeuvers  first  based  upon  the  movements  of  infantry, 
were  afterward*  established  on  the  principles  of  cavalry  drill. 

Use. — Light  artillery  has  now  become  an  indispensable  arm 
in  all  armies ;  and  it  is  brought  to  such  perfection  that  no  troops, 
however  brave  and  well-disciplined,  can  do  without  it.  Napoleon 
said,  even  before  the  many  recent  improvements  were  introduced 
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that  no  body  of  infantry  without  the  help  of  artillery  could  march 
for  1,000  or  1,200  yards  against  a  battery  of  sixteen  well-placed 
and  well-served  pieces,  without  being  destroyed. 

Artillery  becomes  of  so  much  more  importance  when  placed 
with  raw  and  undisciplined  troops ;  when  the  batteries  well 
posted  and  served,  will  atone,  in  6ome  measure,  for  the  deficien- 
cies of  the  rest  of  the  troops.  In  this  case,  the  capacity  of  a  gen- 
eral is  exhibited  by  his  knowing  how  to  place,  upon  the  point  of 
attack,  the  few  good  troops  at  his  disposal,  and  to  protect  the 
others  with  powerful  batteries,  which  the  enemy  would  in  vain 
attempt  to  carry.  But  in  order  to  succeed  with  such  means,  the 
genius  of  the  chief  must  be  capable  of  atoning  for  the  moral  infe- 
riority of  his  troops,  and  his  artillery  possess  a  marked  superior- 
ity over  that  of  the  enemy.  Probably  there  never  has  been  a 
battle  fought  in  which  this  fact  was  rendered  more  apparent  than 
it  was  at  Buena  Vista,  where  the  batteries  of  "Washington,  Bragg, 
and  Sherman  performed  such  signal  service,  and  atoned  so  well  for 
the  absence  of  a  large  well-disciplined  force.  Artillery  may  be 
also  made  to  supply  the  want  of  a  cavalry  fc-rce,  as  well  as  to 
arrest  a  charge  of  cavalry,  which  can  produce  but  little  effect 
when  made  under  the  fire  of  well-posted  and  well-served  batteries- 

When  serving  with  troops  of  the  very  best  kind,  artillerv. 
although  less  important,  is  an  arm  the  use  of  which  cannot  be 
dispensed  with  in  battles  of  any  size.  Posted  along  the  front  of 
the  line,  it  serves  to  maintain  the  combat ;  to  spare  the  rest  of  the 
troops ;  to  support  their  movements,  and  to  make  an  opening  for 
them  to  act.  A  portion  of  it,  held  in  reserve,  appearing  at  a  de- 
cisive moment,  produces  by  its  rapid  and  terrible  effect,  the  mc*t 
important  results. 

In  a  flat,  open  country,  with  numerous  roads,  field  artillery  i* 
of  the  most  importance,  as  by  its  mobility  and  power  of  concen- 
tration, it  neutralizes  the  importance  and  effect  of  the  fixed  posi- 
tions of  an  enemy,  and  atones  for  the  want  of  them  on  one's  own 
6ide. 

Its  importance  is  diminished  in  a  broken  or  mountainous  coun- 
try, where  war  is  reduced  to  attacks  on  fixed  positions ;  but  even 
in  this  kind  of  war,  where  infantry  plays  the  most  important  part, 
it  is  still  of  the  greatest  use  in  forcing  difficult  passages,  setting 
fire  to  towns,  and  battering  down  houses  or  other  obstacles. 
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The  principal  advantages  of  the  fire  of  artillery  over  that  of 
infantry,  are — that  the  striking  of  the  shot  and  shell  gives  a 
means  of  correcting  the  fire,  not  possessed  by  small  arms.  The 
dust  thrown  up  by  a  shot  striking  may  be  seen  at  a  distance  of 
more  than  1,000  yards.  The  moral  effect  due  to  the  power  of 
artillery  is  increased  by  the  noise  of  the  explosions,  which  can  be 
heard  in  the  midst  of  the  most  active  firing  of  small  arms. 

Artillery  is  used  against  troops,  either  deployed  or  in  squares, 
by  forming  openings  preparatory  to  a  charge  of  cavalry.  It  also 
repulsed  the  enemy's  columns  of  attack,  throwing  them  into  dis- 
order. 

The  efficiency  of  the  fire  is,  under  similar  circumstances,  in 
proportion  to  the  caliber  ;  and  for  this  reason  a  battery  of  12-pdrs. 
produces  greater  effect  than  one  of  smaller  pieces.  The  new  12- 
pdr.  being  calculated  to  throw  shells  as  well  as  6hot,  and  being 
light  enough  to  pass  over  ordinarily  rough  ground,  has  many 
advantages  over  lighter  pieces.  Artillery  fire  is  useful  only 
within  the  limits  of  distinct  vision.  The  greatest  cannonading 
usually  takes  place  at  from  800  to  900  yards. 

Artillery  is  of  the  greatest  use  in  attacking  posts  and  intrench- 
ments ;  and  a  city  which  would  resist  troops  without  artillery, 
would  quickly  yield  after  receiving  a  few  shot  and  shell. 

Shells  act  by  percussion  and  explosion  both  ;  but  the  firing 
with  them  is  much  less  accurate  than  solid  shot.  The  noise,  how- 
ever, made  by  them  and  the  fear  of  seeing  them  burst,  add  much 
to  their  moral  effect.  They  act  effectively  against  cavalry  in 
column  or  in  several  lines,  by  frightening  the  horses  and  demoral- 
izing the  men. 

Whatever  be  the  kind  of  piece  used,  it  is  apparent  that  success 
will  depend  upon  the  skill  and  address  exhibited  by  the  gunners 
in  charge  of  it. 

The  quantity  of  artillery  attached  to  an  army  is  determined 
by  the  nature  of  the  theatre  of  the  war,  the  kind  of  troops,  their 
number  relative  to  that  of  the  enemy,  the  character  of  the  war, 
the  size  of  the  pieces,  and  their  mobility.  It  varies  usually  from 
1  to  3  pieces  to  1,000  men.  The  latter  number  has  becu  adopted 
in  our  service,  2  per  1,000,  for  service  with  the  troops,  and  the 
third  held  in  reserve. 

The  number  of  guns  should  be  double  that  of  the  howitzers; 
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and  for  a  defensive  war,  from  £  to  }  of  the  pieces  should  be 
12-pdr.  guns  and  24  or  32-pdr.  howitzers.  For  an  offensive  war, 
from  t  to  |  only  should  be  of  these  calibers,  otherwise  the  bat- 
teries would  not  have  sufficient  mobility. 

As  a  general  rule,  the  number  of  the  artillery  troops  should 
be  about  one  half  that  of  the  cavalry  ;  though,  as  regards  this,  no 
fixed  rule  can  be  laid  down,  since  artillery  frequently  supplies  the 
place  of  cavalry. 

Divided. — The  following  is  the  most  recent  division  of  the 
United-States  artillery  into  kinds  according  to  its  duties.  Heavy 
or  foot  artillery,  is  that  portion  which  takes  charge  of  and  maneu- 
vers the  siege,  sea-coast,  and  mountain  artillery.  Light  or  fiM 
artillery,  is  that  portion  which  manoeuvers  field-pieces  with  troops 
in  the  field.  It  is  divided  into  horse-artillery  and  mounted-bat- 
teries.  In  horse-artillery,  the  cannoneers,  of  which  there  are  11 
to  each  piece,  are  mounted  on  horses,  from  which  they  have  to 
dismount  before  attending  on  the  piece,  the  2  extra  men  holding 
the  horses  of  the  rest.  In  the  mounted-batteries,  formerly  called 
foot-artillery,  the  cannoneers  are  on  foot,  and  remain  6o  during 
the  manoeuvers  of  the  battery,  except  when  it  is  desired  to  move 
at  a  very  rapid  rate,  when  they  are  mounted  on  the  ammunition- 
boxes. 

The  horse-artillery  was  originally  and  is  still  designed  for  ser- 
vice with  cavalry,  receiving  the  lightest  guns,  which  enables  it 
to  move  at  the  same  rate  as  the  cavalry,  and  to  keep  it  up  for  a 
considerable  time. 

In  time  of  peace,  or  in  the  state" of  preparation  for  war,  a  bat- 
tery of  field-artillery  is  to  be  composed  of  4  pieces.  In  time  of 
war,  of  6  or  8.  In  peace,  each  battery  will  have  76  men  and  44 
horses.  In  preparing  for  war,  100  men  and  80  horses ;  and  in 
war,  150  men  and  110  horses.  This  supposes  the  battery  to  he 
formed  of  pieces  of  the  smallest  caliber,  viz.,  6-pdr.  guns  and 
12-pdr.  howitzers.  For  the  new  12-pdr.  or  other  heavy  pieces,  of 
course  these  numbers  would  have  to  be  increased. 

It  is  of  the  first  importance  that  the  fire  of  a  battery  be  deliv- 
ered at  a  good  range  with  calmness  and  intelligence,  those  impet- 
uous exhibitions  of  dashing  bravery  encouraged  in  other  arms 
being  more  out  of  place  in  this.  There  are  some  circumstances, 
however,  where  several  pieces,  well  harnessed,  may  advance  to 
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within  300  yards  of  an  enemy,  and  overwhelm  him  with  a  storm 
of  grape  or  canister  shot ;  but  those  cases  are  very  rare,  and 
require  much  tact  and  resolution  to  know  how  to  profit  by  them. 
One  of  the  most  brilliant  feats  of  this  kind  probably  ever  per- 
formed on  a  field  of  battle,  occurred  at  the  battle  of  Palo  Alto, 
with  Col.  Duncan,  who,  by  a  well-timed  movement  of  two  pieces 
of  his  battery,  unli inhered  in  front  of  a  large  force  of  Mexicans 
attempting  to  tuni  the  left  flank  of  our  line,  and  by  a  rapid  and 
well-sustained  fire,  drove  them  back  in  confusion. 

The  principal  object  of  artillery  is,  to  sustain  the  troops  in 
attack  and  defense ;  to  facilitate  their  movements  and  oppose  the 
enemy's  ;  to  destroy  his  forces  as  well  as  the  obstacles  which  pro- 
tect them ;  and  to  keep  up  the  combat  until  an  opportunity  is 
offered  for  a  decisive  blow.  Our  mounted  batteries  have  been  so 
much  perfected  and  increased  in  mobility,  that  they  can  move 
almost  with  as  much  celerity  as  horse  artillery ;  and  the  latter  has 
been  practically  abandoned  in  the  United  States.  The  men  should 
be  mounted  on  the  boxes  only  when  it  is  absolutely  necessary,  to 
avoid  breaking  down  the  horses.  This  rapid  gait  cannot,  how- 
ever, be  kept  up  any  length  of  time,  as  it  can  in  horse  artillery. 

Horse  artillery  is,  in  France,  considered  indispensably  neces- 
sary for  service  with  cavalry,  which  having  but  little  or  no  fire  of 
its  own,  and  acting  simply  by  the  shock  of  its  charge,  requires 
that  the  enemy  should  be  kept  at  a  distance,  and  first  broken  by 
the  tire  of  artillery  in  order  that  the  charges  made  may  result  in 
anv  practical  good.  Instances  might  be  cited  where  the 
absence  of  its  co-operation  resulted  in  inflicting  upon  the  enemy 
simply  a  few  sabre  cuts,  when  he  ought  to  have  been  annihilated. 
Tbia  kind  of  artillery  is,  however,  very  costly,  consuming  a  large 
number  of  horses,  and  should  therefore  be  proportionally  small  in 
quantity.  It  should,  however,  be  excellent  in  quality,  bold,  well 
manoeuvred,  even  venturesome,  appearing  at  and  disappearing 
from  different  points,  and  multiplying,  as  it  were,  its  action, 
which  should  bo  short  and  decisive.  In  France  the  horse 
artillery  is  nearly  one-sixth  of  the  artillery  force. 

In  our  service,  but  2  companies  in  each  of  the  4  regiments  of 
artillery,  are  authorized  by  law  to  be  equipped  as  mounted  batte- 
ries, aud  of  these  but  7  companies  are  now  actually  so  equipped. 
The  remaining  41  companies  are  equipped  and  serving  as  infantry, 
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much  to  their  detriment  as  an  artillery  force,  and  not  very  much 
to  their  improvement  as  infantry. 


COMPOSITION  OF  BATTKRIES. 


Lightest. 

4  6-pd.  guns. 
2  12  "  howitzers. 
6  caissons. 
1  forge. 

1  battery-wagon. 


Heaviest. 

4  12-pd.  guns. 

2  24  or  32-pd.  howitzers. 

6  caissons. 

1  forge. 

1  battery-wagon. 


4  horses  to  each  carriage.     6  horses  to  each  carriage. 

In  batteries  of  only  4  pieces,  it  is  usual  to  have  one  or  two 
howitzers,  and  when  there  are  two,  it  is  well  to  have  them  together. 
But  should  the  number  of  pieces  be  increased  to  8,  and  there  is  a 
probability  of  the  battery  being  divided,  the  howitzers  should  be 
distributed  through  it. 

The  light  12-pd.  field  gun  of  the  new  pattern,  if  adopted 
throughout  the  service,  as  it  is  probable  it  will  be,  will  do  away 
entirely  with  the  use  of  howitzers  in  field  batteries,  the  pieces 
being  amply  supplied  with  shells  and  spherical  case. 

To  avoid  accidents,  only  the  objects  absolutely  necessary  for 
use  are  brought  into  line  during  the  battle,  namely,  the  6  piece* 
and  the  C  caissons.  These  carriages  constitute  what  is  called  the 
battery  of  manoeuvre.  Sometimes,  but  one  caisson  to  every  two 
pieces  is  placed  in  line ;  and  if  possible,  the  whole  of  theni  an? 
kept  out  of  fire  by  taking  advantage  of  the  inequalities  of  the 
ground,  &c. 

The  carriages  not  employed,  constitute  the  reserve  battery, 
and  are  kept  out  of  range  during  the  battle. 

The  reserve  furnishes  supplies  of  men,  horses,  ammunition, 
and  material. 

In  the  French  service,  the  two  howitzers  of  a  battery  are  both 
placed  in  the  center  section,  in  order  that  their  fire,  less  accurate 
than  that  of  guns,  may  not  extend  over  a  front  greater  than  that 
embraced  by  the  fire  of  the  whole  battery.  In  our  service,  it  is 
customary  to  place  one  in  each  of  the  wing  sections,  in  order  to 
distribute  the  effect  of  the  shells  as  much  as  possible,  and  have 
the  benefit  of  shell  firing  in  case  it  becomes  necessary  to  detach 
one  of  the  sections. 
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The  composition  of  the  field  equipage  for  an  army  depends 
upon  the  number  of  pieces  to  be  taken.  The  batteries  are  pro- 
vided with  all  the  accoutrements,  small  stores,  and  6pare  parts 
necessary  for  their  service. 

Besides  the  carriages  composing  the  batteries,  there  are  others 
which  march  in  the  rear,  and  form  what  are  called  the  parks. 
There  are  two  kinds  of  these;  the  reserve  parks  of  divisions,  or 
parts  of  an  army,  and  general  or  grand  parks.  These  parks  con- 
tain tho  caissons  for  the  transportation  of  the  artillery  and 
infantry  stores,  spare  gun-carriages,  battery  wagons,  park  wagons, 
and  forges.  The  caissons  and  spare  carriages  are  drawn  by  only 
4  horses. 

The  supplies  of  ammunition  are  fixed  by  allowing  400  rounds 
for  each  piece  in  round  numbers  for  a  campaign,  distributed  as 
follows  :  200  with  each  piece  in  the  batteries,  100  in  the  reserve 
parks  of  divisions,  and  100  in  the  general  park. 

Additional  supplies  of  all  ordnance  stores  are  placed  in  depots 
convenient  to  the  line  of  operations.  These  include  pieces,  pro- 
jectiles, powder,  gun-carriages,  wagons,  and  all  sorts  of  stores,  and 
horses. 

Batteries  derive  all  their  value  from  the  courage  and  skill  of 
the  gunners;  from  their  constancy  and  devotion  on  difficult 
marches;  from  the  quickness  and  capacity  of  the  officers;  and 
especially  from  the  good  condition  and  vigor  of  the  teams,  with- 
out which  nothing  can  be  undertaken. 

Marches. — As  an  officer  has  frequently  charge  of  the  convoys 
of  artillery  and  other  carriages,  he  must  know  how  to  conduct  them 
properly,  and  keep  even*  thing  in  good  condition,  lie  may  be 
obliged,  to  provide,  himself,  from  the  means  at  hand,  transportation 
for  his  supplies.  To  be  able  to  do  this,  he  should  know  the  amount 
of  work  a  horse  is  capable  of  performing,  according  to  the  condi- 
tion of  the  roads,  the  distance,  and  the  rapidity  with  which  he 
has  to  travel. 

A  horse  of  medium  strength  can  draw  a  load  of  3,000  lbs.  from 
20  t<>  23  miles  per  day,  over  a  paved  road,  and  nbout  1,1><»0  lbs. 
over  a  macadamized  road.  Tins  includes  the  weight  of  the  car- 
riage. From  1,500  to  1,600  lbs.,  not  including  the  weight  of  the 
carriage,  is  therefore  a  proper  load  for  a  horse  over  ordinary 
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roads ;  and  in  case  rough,  broken  ground  is  to  be  passed  over,  be 
should  not  be  required  to  draw  more  than  1,100  lbs. 

A  horse  moving  at  a  trot  can  draw  at  the  same  rate  as  above, 
a  weight  of  800  lbs.,  not  including  the  carriage,  the  weight  of 
which  would  bring  the  load  up  to  about  1,100  lbs.  These  num- 
bers comprise  the  maximum  load ;  and  if  the  carriage  is  to  move 
at  a  trot  across  fields,  or  in  the  open  country,  the  weight,  includ- 
ing everything,  should  not  exceed  733  lbs. ;  or,  if  the  carriage  is 
not  well  constructed,  600  lbs. 

A  horse  carrying  a  rider,  loses  his  power  of  drawing  in  propor- 
tion to  the  increase  of  gait.  Tins  diminution,  which  is  about  ^ 
when  the  horse  is  at  a  walk,  becomes  |  when  he  trots.  Thus  a 
team  of  5  horses  with  a  single  driver  seated  on  the  carriage,  will 
draw  more  than  6  horses,  two  of  which  are  mounted  with 
drivers. 

In  artillery  carriages,  half  the  horses  earn  ing  drivers,  a  team 
of  six  horses,  moving  at  a  trot,  actually  experiences  a  loss  in 
traction  of  3  x  },  or  two  horses. 

Admitting  that  the  labor  of  the  horse  is  inversely  proportional 
to  the  road  passed  over,  the  labor  of  the  off-horse  moving  at  a 
trot  at  the  rate  of  20  miles  a  day,  is  reduced  to  1,100  lbs.,  and 
that  of  a  pair  to  1,100  lbs. +^=1,466  lbs.,  or  733  lbs.  for  each 
horse.  Now,  the  weight  for  horse-artillery  carriages  not  exceed- 
ing 660  lbs.  for  each  horse,  the  horses  are  capable  of  moving  at  a 
trot  for  long  distances,  and  in  mounted  batteries  they  can  move 
very  rapidly  for  short  distances. 

In  proportion  as  the  number  of  horses  is  increased,  the  relative 
force  of  each  couple  diminishes,  in  consequence  of  the  difficulty 
of  making  them  act  together,  and  the  results  obtained  are  respec- 
tively : :  9  :  8  :  7  :  6,  according  as  the  teams  are  composed  of  2, 
4,  6  or  8  horses.  More  than  10  horses  in  a  team  are  verv  difficult 
to  manage.  Henco,  we  conclude  that  teams  are  relatively 
stronger  as  their  number  is  decreased. 

For  transporting  short  distances  or  over  roads  in  good  condi- 
tion, the  horses  may  be  loaded  more  heavily.  Wagoners  make 
their  teams  draw  more  than  2200  lbs.  per  horse. 

Before  starting  on  the  march,  the  inventory  of  the  convoy 
should  bo  verified.  The  carriages  should  be  inspected,  and  the 
wheels  especially  examined  to  6ee  that  they  are  sound,  and  the 
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tires  not  h*»se.  When  the  spokes  are  loose  and  withdrawn  from 
the  nave,  or  the  felloe*  separated  on  the  exterior  instead  of  the 
interior  of  the  joint*,  the  tire*  should  be  taken  off,  shortened,  and 
replaced.  Tlie  manner  in  whieh  the  loads  are  distributed,  and 
teams  harnessed,  should  be  examined,  and  care  taken  that  the 
tra<*«»ri  are  of  the  Mime  length.  Tlie  strongest  horses  should  be 
placed  in  the  wheel  team*,  the  weakest  in  the  middle,  and  a  spirited 
h«»r>4'  should  not  be  coupled  with  one  of  a  contrary  disposition. 
Tho-e  coupled  together  should  be,  a*  hear  as  possible,  of  equal 
strength  and  of  the  same  eharaeter  and  appetite,  otherwise  one  is 
tu»»n  disabled  from  executive  fatigue,  or  want  of  nourishment. 

In  order  to  facilitate  the  insjMTtioti  of  the  convoy  it  is  divided 
into  portions,  which,  under  the  command  of  officers  or  non-com- 
mUMoncd  officer*,  are  subdivided  into  parts,  comj>o*ed  of  a  certain 
number  of  carriage*.,  each  in*j>ected  by  a  non -commissioned  officer 
or  tnn»ty  soldier.  In  thia  way  the  drivers  are  overlooked,  and  the 
carriage*  a**i*ted  in  their  march,  either  by  manning  the  wheels 
or  chocking  them,  or  by  the  um<  of  the  nhoveh  and  picks. 

The  advance-guard  marches  with  a  certain  number  of  sappers 
to  repair  the  road  ;  or,  for  the  want  of  these,  the  laborers  of  the 
country  may  be  called  upon  for  the  purj»o*c.  Marching  through 
a  friendly  country,  thi*  work  is  done  under  charge  of  an  officer 
sent  in  advance,  and  in  an  enemy'*  country,  in  confided  to  the 
commander  of  the  advance-guard. 

Tlie  carriage*  march  usually  in  single  file,  at  about  miles  an 
hour.  Tlie  dintanrc  l>ctween  the  carriage*  on  good  road*,  is  oue 
vard  ;  on  bad  road*,  from  five  to  Mix  vard*.  If  the  distances  were 
not  iiierea«M*d  the  carriage*  would  run  into  each  other,  and  can** 
tridents.  Tlie  forge*  an-  placed  at  the  end  of  the  column,  in  order 
to  facilitate  the  ncee«*ary  repairs. 

Tlie  mo-t  rapid  rate  at  which  a  wcll-hamcwd  convoy  can 
travel,  marching  at  a  alow  trot,  is  5  mile*  an  hour.  This  gait  can 
be  kept  up  only  for  half  the  marching  distances,  and  the  teams 
should  be  brought  to  a  walk  an  hour  before  reaching  camp,  and 
i;»  or:?"  minute*  before  each  halt. 

The  carriage  shonld  1m>  conducted  in  such  a  way  as  to  allow 
of  being  turned  in  their  lotion*  in  ra*o  of  need;  and  for  this 
purine  they  should  keep  the  riglit  of  the  road,  unless  it  should 
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happen  to  be  very  wide.  As  soon  as  a  carriage  becomes  disabled, 
it  should  be  at  once  withdrawn  from  the  column,  repaired  if  pos- 
sible, and  if  not,  its  load  transferred  to  the  neighboring  carriages, 
leaving  it  to  proceed  empty ;  or  even  abandon  it,  if  in  the  vicinity 
of  an  enemy.  Care  should  be  taken  to  lock  the  wheels  going 
down  hill,  and  chock  them,  at  times,  going  up,  to  allow  the 
horses  time  to  breathe  and  recover  their  strength.  Short  halts  of 
10  minutes  every  hour  must  be  made  for  resting,  and  allowing 
the  rear  carriages  to  come  up. 

The  commander  of  the  convoy,  and  those  of  the  different 
divisions,  stop  frequently  and  allow  their  teams  to  pass  them,  to 
satisfy  themselves  that  everything  is  in  order.  Forage  is  the  only 
thing  allowed  to  be  placed  on  the  carriages,  and  no  smoking  is 
permitted,  especially  in  the  vicinity  of  the  powder-wagons. 

On  long  and  difficult  marches,  and  during  hot  weather,  a  halt 
of  an  hour  in  the  middle  of  the  day  is  made,  convenient  to  water, 
so  as  to  allow  the  horses  to  drink  and  eat  a  little  forage.  In  an 
enemy's  country,  but  half  of  the  teams  are  unharnessed  at  once, 
for  watering,  in  order  not  to  be  taken  by  surprise. 

With  new  material,  ditches  are  passed  in  a  direction  perpen- 
dicular to  their  length  ;  with  baggage  wagons  and  old  carriages, 
they  must  be  cut  diagonally.  It  is  better  when  practicable,  to 
fill  up  ditches  with  fascines  and  straw,  to  avoid  upsetting  the 
carriages.  Common  agricultural  carts,  with  the  wheels  removed, 
make  very  good  bridges  by  which  to  cross  ditches. 

To  ascend  very  steep  hills,  the  column  is  halted,  and  the  teams 
of  the  front  half  of  the  convoy  doubled.  These  carriages  are 
halted  at  the  top  of  the  hill,  and  the  others  brought  up  in  the 
same  way.    The  whole  resume  the  march  after  a  short  halt. 

Difficult  fords  are  passed  in  the  same  way,  except  that  the 
drivers  remain  on  their  horses  instead  of  dismounting,  as  in  the 
other  case.  If  the  wheels  become  embedded  in  the  sand,  they 
are  disengaged  by  applying  men  to  them.  The  teams  are  not 
allowed  to  stop  to  drink. 

In  very  Bteep  descents,  covered  with  snow  and  ice,  simply 
locking  the  wheels  is  frequently  not  sufficient.  The  horses  should 
be  rough-shod ;  and  where  the  ice  covers  the  ground  in  the  most 
difficult  parts,  it  should  be  cleared  away  by  the  workmen.    It  is 
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sometime*  necessary  to  unharness  a  part  of  the  team?,  ami  place 
thrm  in  roar  of  the  carriages,  to  hold  back  and  prevent  them  fruin 
running  down  too  rapidly. 

In  night  marches,  it  is  nerc^ary  to  watch  the  driver*  attent- 
ively, and  see  that  they  do  not  fall  asleep  on  their  honk'*.  At 
every  halt,  the  harness  is  iusj>ectcd  to  see  that  it  is  not  tangled, 
which  can  he  ascertained  hy  stretching  the  traces. 

Hie  usual  manner  of  marching  is  in  column  of  piece*,  each 
piece  followed  by  its  caisson,  ami  the  other  carriages  at  the  end 
of  the  train.  In  the  vicinity  of  the  enemy,  the  latter  are  kept 
hack  some  distance,  and  the  buttery  id  reduced  to  12  carriages,  G 
piece*  and  ♦!  caissons,  which  then  occupy  a  length  of  about  lt*0 
van  In  f«»r  the  heavy  batteries  harnes&ed  with  six  horses,  and  for 
light  one*  harnessed  with  4,  about  \%s2  yards. 

Artillery  should  never  march  directly  at  the  head  or  tail  of  a 
column,  but  should  always  have  at  least  a  battalion  of  infantry, 
or  two  squadrons  of  cavalry,  in  front  and  in  rear  of  it,  in  order 
that  in  caw;  of  necessity  it  may  have  time  to  form  in  buttery. 

When  a  convoy  comj>o*ed  of  artillery  carriages  is  obliged  to 
enter  a  very  narrow  defile,  the  column  should  be  followed  by  an 
extra  limber,  so  that  if  obliged  to  retreat,  each  limber  and  rear 
train  could  be  turned  separately  on  its  own  ground,  and  the  retro- 
grade movement  performed;  which  could  not  be  done  with 
ordinary  wagons. 

Horses  should  not  be  allowed  to  fall  in  harness,  from  fatigue, 
U'fore  they  are  replaced.  The  near  horse  Women  tired,  usually, 
*M>m  r  than  the  other,  and  should  be  s|*ri*l]y  looked  after  and 
replaced  when  he  begins  to  exhibit  signs  of  fntigue. 

Horse*  should  not  be  worked  immediately  after  eating,  esj»e- 
riallv  if  they  have  to  travel  at  a  rapid  gait.  They  should  never 
be  watered  when  heated,  unlesa  the  march  is  to  be  immediately 
r« '"Hiuwi.  If  thev  are  watered  from  *ells,  the  water  should  l>e 
drawn  beforehand,  and  agitated  so  as  to  take  the  tcmj»cr*tuiY  of 
the  air,  or  mixed  with  a  little  bran  to  render  it  1cm  injurious. 

A  horse  in  harness,  proj^rly  cared  for  and  well  fed,  cannot 
travel  more  thau  35  or  4<>  miles  a  day,  and  not  this  distance  for 
any  gn  at  length  of  time. 

When  regular  forage  has  not  been  distributed,  or  cannot  l>e 
obtained  along  the  route,  and  the  horses  are  obliged  to  subsist  on 
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green  forage,  the  ration  should  be  80  lbs.  per  horse.  Vegetables, 
such  as  turnips,  carrots,  and  beets,  are  very  nourishing,  and  do 
not  debilitate  the  horses  too  much.  If  obliged  to  use  the  cereak, 
but  few  of  the  heads  of  wheat,  and  none  of  those  of  barley  or  ire 
should  be  given  to  the  horses.  Lucern,  clover,  and  grass,  are 
very  heating,  and  should  be  given  with  judgment,  otherwise,  they 
ruin  the  horses  by  foundering  them.  With  such  food,  the  same 
amount  of  work  cannot  be  expected  from  horses,  as  when  they  are 
properly  fed,  especially  when  in  addition  they  are  exposed  to  all 
kinds  of  weather  in  the  bivouac. 

The  shoulders  of  the  horses  and  all  other  parts  in  contact  with 
the  collars,  should  be  frequently  rubbed  with  wisps  of  straw,  t<» 
restore  the  circulation  of  the  blood.  If  the  parts  begin  to  swell 
the  horse's  position  in  the  team  is  changed.  If  time  permits,  the 
packing  of  the  collar  may  be  modified  so  as  to  change  the  point* 
of  contact.  Without  these  precautions,  the  horses  would  com- 
mence to  gall  after  seven  or  eight  days  of  marching. 

On  arriving  in  camp,  the  teams  are  unhitched,  the  girths  and 
breast-straps  are  loosened,  and  cruppers  taken  off.  If  the  hortes 
are  very  warm,  straw  should  be  placed  under  the  blankets  and 
the  horses  rubbed  down.  If  they  are  covered  with  dust,  sponge 
out  their  eyes,  noses,  mouths,  fundaments  and  sheaths.  In  summer, 
when  the  roads  are  muddy,  their  legs  should  be  washed  and  after- 
wards rubbed  down  with  straw.  When  tlicv  are  cool,  unsaddle 
them,  rub  their  backs  dry,  and  examine  them  with  care.  Inspect 
the  shoes  closely  every  day.  Horses  sometimes  refuse  to  eat,  on 
account  of  thirst.  They  should  be  watered  as  soon  as  possible, 
which,  in  hot  weather,  is  about  an  hour  after  reaching  camp. 

When  the  marches  are  long,  shorten  the  time  for  grooming,  or 
even  dispense  with  it  in  the  morning  altogether,  to  allow  tho 
horses  rest.  If  they  sweat  much,  use  wisps  of  straw  princi- 
pally in  grooming  them.  In  muddy  weather,  more  time  should 
be  spent  on  the  legs.  (The  tails  should  be  tied  up.)  In  dry  and 
du6ty  weather,  use  the  sponge  and  comb  more  freely.  River 
bathing  should  be  frequently  used,  when  the  temperature  permit*, 
unless  the  horse's  hoofs  are  inclined  to  peel  off,  in  which  case  they 
should  be  well  greased. 

Mountain  Aktiixeby. — With  mountain  artillery,  each  mule 
should  be  followed  by  a  cannoneer,  to  observe  the  motion  of  the 
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load,  especially  in  ascending  and  descending  slopes,  and  correct  its 
position  if  necessary.  The  saddles  should  not  be  taken  off  until 
two  hours  after  halting.  Inspect  the  mules;  apply  remedies  for 
any  bruises ;  observe  the  defects  of  the  saddles,  and  modify  the 
padding  if  necessary.  Dry  the  pack-saddles  in  the  sun,  and  when 
dry,  beat  the  padding  lightly  with  a  stick.  The  padding  should 
be  re-made  ever}*  three  or  four  months,  and  the  upper  part  re- 
placed when  a  saddle  is  changed  from  ono  mule  to  another.  The 
saddle  is  carried  by  taking  hold  of  the  arcs  of  the  tree,  in  order 
nut  to  derange  the  padding.  When  the  mules  are  heated  and 
stopped  in  hot,  wet  weather,  they  should  be  sheltered  as  much 
as  possible  by  covering  them  with  cloths,  sacks,  &c. 

If  a  mule  falls,  he  is  kept  down  by  holding  his  head  close  to 
the  ground*,  until  he  can  be  relieved  of  his  load.  In  halts  long 
enough  to  relieve  the  mules,  the  girths  sliould  be  loosened,  and 
tightened  again  before  starting,  care  being  taken  to  adjust  the 
saddle-cloths.  When  a  piece  or  carriage  mule  is  wounded,  or 
when  in  the  vicinity  of  an  enemy,  the  piecea  should  be  drawn 
instead  of  carried.  A  cannoneer  then  attends  each  piece,  holding 
by  a  rammer-staff  which  is  run  into  the  muzzle,  which  enables 
him  to  give  assistance  in  passing  over  rough  places,  and  prevents 
the  carriage  from  upsetting.  The  staff  should  be  withdrawn  when 
crossing  narrow  ditches,  to  avoid  breaking  the  handle.  In  case 
of  a  sudden  attack,  when  the  material  is  carried,  a  minute  is 
sufficient,  with  well-drilled  cannoneers,  to  unload,  place  in  battery, 
and  fire  one  round.  The  wheels  should  be  greased  at  least  onco 
every  two  days,  and  the  carriages  should  be  drawn  as  little  as 
possible  during  night  marches. 

Foraoe. — Common  wagons  should  be  made  use  of  as  much  as 
possible  to  transport  forage.  A  few  horses  can  easily  transport 
enough  forage  for  a  large  number.  With  indifferent  wagons  and 
over  bad  roads,  4  horses  can  draw  the  rations  of  40  for  24  hours. 
The  ration  is  14  lbs.  of  hay  and  12  lbs.  of  oats,  barley,  or  com. 

Ammi  nitiox.— At  the  halting  places,  the  caissons  should,  if 
there  is  time,  be  opened,  to  see  if  the  loads  are  in  good  condition. 
All  necessary  repairs  to  the  carriages  and  harness  should  be  made 
at  the  same  time.  The  axlctree  should  be  greased  every  five  days. 

If  powder  is  carried  in  any  of  the  wagons,  and  especially  if 
the  barrels  or  caissons  leak,  orrery  precaution  should  be  taken  to 
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avoid  accidents.  For  this  purpose  pavements  should  be  avoided, 
passing  through  towns,  and  the  carriages  kept  40  or  50  pares 
apart.  No  fires  should  be  allowed  in  the  vicinity,  and  it*  i)ie 
weather  is  hot  and  dry,  the  wheels  will  be  occasionally  wet  with 
water. 

Pausing. — The  columns  of  artillery  or  batteries  are  parked 
within  reach  of  the  troops,  and  at  least  100  yards  from  any  hon«*». 
The  carriages  are  placed  4  yds.  from  axis  to  axis,  the  pieces  in  the 
first  line,  their  caissons  in  the  second.  The  reserve  caissons,  forge*, 
and  battery-wagons  in  the  third  and  fourth.  The  distance  between 
the  lines  is  about  1G  yards.  If  the  forges  are  to  be  used,  they 
•  should  be  placed  at  least  100  yards  to  the  leeward  of  the  bat- 
tery, to  avoid  accident.  This  rule  also  applies  to  the  camp- 
fires. 

The  number  of  sentinels  to  be  posted  over  a  park  depend* 
upon  the  number  of  carriages.  A  battery  requires  at  least  two. 
and  during  the  night  these  arc  doubled.  Xo  one  is  allowed  to 
enter  the  park  without  permission. 

The  position  of  the  bivouacs  will  depend  on  the  locality.  The 
fires  should  be  to  the  leeward  of  the  battery  ;  the  ground  easy  of 
access  and  within  reach  of  water  and  forage ;  a  dry  and  sheltered 
position  should  be  chosen  for  the  horses.  The  camp  being  estab- 
lished, a  portion  of  the  horses  should  be  sent  on  a  foraging  party, 
the  rest  unharnessed  as  heretofore  directed,  placed  under  shelter, 
when  it  is  possible  without  compromising  the  safety  of  the  park, 
and  well  groomed.  Batteries,  when  forming  a  part  of  a  line  of 
battle,  are  encamped  or  bivouacked  upon  the  same  line  with  the 
rest  of  the  troops. 

Mabching. — Before  starting  on  the  march,  the  commandant  of 
a  convoy  should  prescribe  to  all  portions  of  his  command  what  t«> 
be  done  in  case  of  an  attack.  He  should  procure  all  the  informa- 
tion possible  in  regard  to  the  country  he  has  to  pass  through  ;  thv 
obstacles  which  may  interrupt  his  march  ;  the  number  and  condi- 
tion of  the  roads  which  lead  to  his  destination,  and  the  probability 
of  meeting  the  enemy.  If  necessary,  he  takes,  forcibly  or  other- 
wise, one  or  several  guides,  and  from  the  information  he  collect*, 
distributes  his  forco  in  the  advance-guard,  the  escort,  and  the  rear- 
guard. The  advance-guard,  the  head  of  which  is  formed  of  cav- 
alry, precedes  at  a  considerable  distance  the  head  of  the  column. 
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It  reconnoitres  the  country,  occupies  the  defiles,  communicates 
with  the  commandant  of  the  convoy  by  means  of  mounted  men 
distributed  along  the  route,  repairs  the  roads,  and  searches  the 
valleys  and  other  positions.  The  escort  marches  on  the  flank,  on 
the  enemy's  side.    The  rear-guard  brings  up  the  rear. 

The  carriages  should  march  as  close  together  as  possible,  and 
in  two  files  if  the  road  permits  it.  Pieces  may,  according  to  the 
importance  of  the  convoy,  be  placed  in  the  front,  in  rear,  or  on 
the  flanks,  or  be  given  to  the  advance-guard,  if  it  is  largo  enough 
to  derive  any  advantage  from  them. 

In  case  of  attack  by  light  cavalry,  the  column  is  formed  in 
two  files,  a  convenient  distance  apart,  and  the  front  and  rear 
closed,  either  with  two  pieces  or  with  platoons  of  infantry.  Tims 
formed,  the  march  is  continued,  taking  care  to  keep  the  carriages 
well  closed  up ;  and  in  case  the  enemy  exposes  himself,  he  is  routed 
by  a  fire  delivered  at  short  range.  But  if  he  has  infantry,  and 
the  attack  becomes  serious,  the  artillery  should  be  placed  in  posi- 
tion for  acting,  the  escort  formed  in  line,  and  the  enemy  kept  at 
a  distance,  whilst  the  convoy  continues  its  march.  If  closely 
pressed,  and  there  is  hope  of  assistance,  the  carriages  are  placed 
in  several  ranks,  and  a  square  formed  by  facing  the  horses 
inwards,  in  order  to  protect  them  better,  and  preveut  them  from 
being  stampeded.  Recourse  should  be  had  to  this  means  onlv  in 
the  last  extremity,  as  it  is  much  better  to  continue  the  march 
towards  the  point  of  destination  than  to  halt,  whereby  time  is 
lost  and  the  command  weakened.  When  the  square  has  to  be 
formed,  care  must  be  taken  to  avoid  being  surprised  and  over- 
whelmed by  the  enemy  before  the  carriages  get  into  position. 
An  advantageous  position  should  be  chosen,  where  resistance 
would  have  to  be  offered  only  at  a  few  points.  The  drivers  all 
dismount.  Pieces  in  battery  arc  placed  at  the  angles,  the  caissons 
ami  jKiwder-wagons  being  in  the  interior  of  the  square,  and  the 
escort  delivers  its  fire  from  behind  the  outside  carriages. 

If  the  convoy  contains  nothing  but  powder,  the  escort  must 
then  cover  it  by  forming  a  distance  in  front  sufficient  to  protect 
itself  from  explosions.  This  requires  that  the  escort  of  such  a 
convoy  be  larger  than  that  for  an  ordinary  one. 

If  obliged  to  yield  to  superior  forces,  a  vigorous  resistance 
should  be  made,  whilst  prcp^ingto  abandon  apart  of  the  convoy, 
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and  carry  off  the  remainder  with  as  many  horses  as  possible. 
The  portion  abandoned  should  be  first  as  mnch  damaged  as 
circumstances  will  permit 

When  the  convoy  is  parked,  a  chain  of  posts  is  established 
around  it  in  such  a  way  as  to  protect  it  from  surprise,  and  be  a 
support  to  each  other  in  case  of  attack.  The  points  of  attack  can, 
if  necessary,  be  strengthened  by  cutting  ditches,  and  obstructing 
the  roads  and  pathways  leading  to  the  park,  with  abattis,  fallen 
trees,  &c.  The  commandant  with  the -escort  takes  a  central  posi- 
tion, or  leaves  a  detachment  there  in  case  no  serious  attack  is 
anticipated. 

Tactics. — A  battery  going  into  line  with  other  troops,  is 
usually  formed  in  column  of  sections,  and  deployed  into  line  as 
the  enemy  is  approached.  Under  ordinary  circumstances  the 
best  formation  is  the  column  doubled  on  the  center  section,  as  the 
deploy  is  then  toward  both  wings  at  the  same  time,  and  more 
promptly  performed.  Unless  in  extreme  cases,  the  cannoneers 
should  never  be  mounted  on  the  boxes  when  the  batten'  is  within 
range  of  the  enemy,  as  the  explosion  of  a  caisson  might  destroy 
nearly  every  cannoneer  belonging  to  a  piece. 

When  several  batteries  are  united,  they  are  formed  by  sections 
in  one  or  several  parallel  columns,  or  in  double  columns  on  the 
centre,  or  still  better,  in  two  columns  joined,  and  presenting  a 
front  of  four  pieces  with  the  same  intervals  as  in  line.  Sometimes 
they  are  formed  in  close  column  with  a  front  of  four  or  six  pieces, 
and  the  batteries  being  spaced  a  distance  apart  equal  to  the  inter- 
val between  two  pieces.  When  deployed,  the  distance  between 
the  batteries  is  double  this. 

When  horse-artillery  and  mounted  batteries  are  placed  to 
gether,  the  former  are  placed  on  the  wings,  and  the  distances  and 
intervals  of  the  whole  conform  to  those  of  horse-artillery ;  as  in 
manoeuvring,  no  regard  is  paid  to  inversions,  it  frequently  hap- 
pens that  the  batteries  change  their  Native  positions,  an*i  it  is 
then  necessary  that  each  space  should  be  large  onongh  to  contain 
a  horse-artillery  battery. 

A  close  column  of  several  batteries  is  deployed  in  the  same 
manner  as  a  column  of  cavalry ;  the  leading  battery  moving  off  at 
an  increased  gait,  and  the  others,  obliquing  to  the  right  or  left  gain 
their  intervals  and  form  in  line  or  battery  to  the  front  us  usual. 
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The  changes  of  front  to  fire  to  the  right  and  left,  arc  made  on 
the  wings  in  the  same  manner  as  with  a  single  battery  ;  but  it  is 
better  to  make  these  changes  on  the  center  battery.  But  four  of 
these  changes  are  practicable,  viz.,  two  to  fire  to  the  right  by 
throwing  the  left  wing  to  the  front  or  rear,  and  two  to  fire  to  the 
left  by  throwing  the  right  wing  to  the  front  or  rear.  In  the  other 
four  changes  of  front,  the  pivot  pieces  would  be  masked  by  the 
rest  of  the  carriages,  and  could  not  commence  their  fire  soon 
enough.  On  this  account  the  pivot  carriages  in  these  changes 
should  be  on  the  side  towards  which  the  fire  is  to  be  delivered. 

In  defensive  battles,  the  contour  of  the  ground  is  of  the  first 
im]M>rtanee,  and  if  properly  taken  advantage  of,  may  be  made  to 
double  the  force  and  importance  of  artillery. 

Artillery  cannot  defend  itself  when  hard  pressed,  and  should 
always  be  sustained  by  either  infantry  or  cavalry.  The  proposi- 
tion made  to  arm  the  cannoneers  with  small  arms,  such  as 
revolvers,  short  rifles,  ifec,  is  calculated  to  do  more  harm 
than  good.  They  should  be  taught  to  look  upon  their  pieces 
as  their  proper  arm  of  defense,  to  be  abandoned  only  at  the  very 
last  moment.  The  fate  of  many  a  battle  has  turned  upon  the  de- 
livery of  a  few  rounds  of  grape  or  canister  at  short  range  upon 
an  advancing  column  ;  and  if  they  have  the  means,  how  natural 
for  men  to  resort  to  them  for  personal  safety  in  time  of  extreme 
danger,  forgetting  for  the  moment  that  the  fate  of  the  whole 
army  may  be  imperiled  whilst  they  are  defending  themselves 
only  !  Let  the  rifles,  therefore,  be  given  to  the  infantry,  and  the 
sabres  and  revolvers  to  the  cavalry ;  guard  the  artillery  with 
these  arms,  and  teach  than  that  tJwir  salvation  is  in  sticking  to 
their  pieces. 

In  a  flat,  open  country,  artillery  is  best  sustained  by  cavalry, 
which  is  placed  on  the  wings  ready  to  charge  the  enemy  in  flank 
before  he  can  get  through  the  line  of  pieces.  With  very  large 
batteries  it  is  often  necessary  to  place  the  supporting  force  in  the 
rear,  where  they  should  take  every  advantage  of  the  formation  of 
ground,  to  protect  themselves  from  the  enemy's  fire.  In  a  broken 
country,  artillery  is  more  properly  defended  by  infantry.  It  is 
formed  in  squares  on  the  flanks  and  in  rear  of  the  centers  of  the 
batteries,  so  as  to  be  able  to  move  forward  when  necessary  to  meet 
the  enemy.    Infantry  marching  at  a  double  quick,  requires  2 
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•  minutes  to  pass  over  a  distance  of  200  yards,  and  cavalry  at  a 
gallop  passes  over  the  same  space  in  £  minute.  From  these  dati 
the  supporting  troops  are  arranged  so  that  they  may  reach  the 
enemy  before  he  arrives  at  the  line  of  pieces,  as  the  greatest  dis- 
order results  should  he  succeed  in  forcing  his  way  through  the 
battery. 

Batteries  are  usually  placed  at  least  60  yards  in  front  of  the 
intervals  between  regiments  and  brigades,  and  upon  their  flank*, 
so  as  not  to  offer  two  marks  for  the  fire  of  the  enemy,  or  subject 
the  troops  placed  in  rear  to  a  fire  directed  against  the  artillery. 
When  the  troops  form  in  squares,  the  caissons  are  placed  on  the 
interior,  and  the  pieces  at  the  angles ;  and  if  the  squares  flank 
each  other,  the  batteries  may  be  placed  on  the  dead  ground  on 
the  prolongation  of  the  diagonals. 

The  pieces  may  be  fired  in  retreat,  when  the  ground  is  suffi- 
ciently smooth,  by  using  the  prolonge,  by  which  means  the  men 
may  be  mounted  on  the  boxes  immediately  after  firing,  and  the 
piece  has  simply  to  halt  in  order  to  open  fire  again,  thus  saving  all 
the  time  necessary  for  limbering  up,  unlimbering,  and  euming 
into  battery  again  ;  but,  everything  considered,  it  may  be  ques- 
tioned whether  this  method  of  retreating  (undoubtedly  preferable 
to  any  other  in  maneuvering  with  the  old  heavy  carriages,  so  dif- 
ficult to  limber  and  unlimbcr)  is  to  be  preferred  to  the  ordinary- 
one,  now  that  the  carriage  and  means  of  connecting  it  with  the 
limber  have  been  so  improved.  Retreating  with  the  prolong, 
should  it  be  necessary  to  make  a  hasty  retreat,  the  operation 
would  be  much  delayed  securing  the  prolonge  and  limbering 
up. 

The  commander  of  a  battery  should  be  acquainted  with  the 

v  A, 

movements  which  the  troops  are  to  perform,  in  order  to  be  able 
to  support  them  in  case  the  orders  of  tho  general  should  not 
immediately  reach  him. 

If  the  positions  of  the  batteries  are  not  definitely  fixed,  every 
circumstance  capable  of  rendering  their  fire  more  effective  and 
of  protecting  them  from  the  enemy's,  should  be  taken  advantage 
of.  For  this  purpose,  the  battery  commanders,  or  several  com- 
missioned and  non-commissioned  officers,  Bhould  reconnoitre  with 
a  view  of  giving  each  piece  the  most  advantageous  ]K>sition. 

Advantage  is  taken  of  the  inequalities  in  the  ground  to  pro- 
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tect  the  pieces  and  caissons,  without  regard  to  alignment  or  dis- 
tances. A  rise  of  from  2  to  2£  feet  in  front  of  a  piece,  sometimes 
protects  it  entirely  from  the  enemy's  fire.  The  ground  in  front 
of  a  battery  should  be  clear  and  destituto  of  bushes  or  depres- 
sions within  rifle  range,  to  shelter  the  enemy's  skirmishers.  The 
approaches  to  the  position  should  be  minutely  inspected,  in  order 
to  know  how  properly  to  conduct  an  advance  or  defend  a  retreat. 
An  undulating  surface  is  very  advantageous,  as  the  shot  which 
strike  the  summit  will  generally  ricochet  over  the  battery ;  and 
as  the  dust  raised  by  them  cannot  bo  seen  by  the  enemy,  he  is 
apt  to  imagine  ho  is  firing  too  high,  and  thus  loses  many  shots 
practicing  for  the  range. 

Attack. — Artillery  should  not  be  placed  on  rocky  soil,  in  con- 
sequence of  tho  splinters  formed  by  the  enemy's  shot ;  nor,  in  the 
offensive,  should  it  be  placed  on  slippery  or  marshy  ground,  nor 
on  ground  intersected  with  hedges  or  ditches,  which  would 
interfere  with  its  maneuvering.  Several  batteries  should  be  so 
placed  as  to  converge  their  fire  upon  the  point  of  attack,  whilst 
others  check  the  troops  opposed  to  them.  Reserve  batteries  are 
placed  on  distant  points  (usually  heights)  to  support  the  flanks  of 
the  attack. 

Defense. — On  the  defensive,  broken  ground  is  sought  for.  to 
cover  the  front  and  flanks  and  keep  the  enemy  for  a  longer  time 
under  the  fire  of  the  battery.  The  largest  pieces  and  batteries  of 
position  are  placed  at  the  points  where  the  enemy  will  probably 
make  his  chief  attempts.  Batteries,  instead  of  being  placed 
directly  in  front  of  the  objects  to  be  fired  at,  should  be  established 
obliquely  so  as  to  take  the  enemy's  line  or  artillery  slantingly, 
thereby  producing  greater  damage. 

A  battery  should  not  be  established  on  a  height  tho  foot  of 
which  it  cannot  command,  otherwise  pieces  have  to  be  placed 
half-way  down,  in  order  to  prevent  the  enemy  from  fanning 
there  in  force  for  the  purpose  of  stonning  the  position.  It  is 
sometimes  advantageous  to  withdraw  to  a  greater  distance,  in 
order  to  avoid  too  plunging  a  fire.  A  well-practiced  eye  may 
then  discover  a  position  where  tho  fire  becomes  grazing ;  but  of 
course  such  selections  can  seldom  be  made,  in  consequence  of  other 
controlling  considerations. 

Tiring  from  above  to  below  is  not  very  accurate  at  ordinary 
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distances.  At  great  distances,  the  range  is  increased.  The  most 
advantageous  command  is  T£T  of  the  distance,  which  gives  a 
grazing  fire  and  numerous  ricochets.  These  positions  should  be 
sought  after,  and  those  avoided  which  give  a  command  of  more 
than  TJV. 

Firing. — The  pieces  should  fire  slowly  at  distances  beyond  600 
or  700  yards,  in  order  to  render  their  shots  certain.  They  cease 
firing  beyond  1,000  or  1,200  yards ;  otherwise  the  enemy,  exj«e- 
riencing  no  damage  from  the  shot,  gains  confidence,  and  advances 
with  more  boldness.  "Within  600  yards,  the  firing  should  be 
rapid,  as  it  is  then  very  sure,  but  it  is  only  at  the  decisive  mo- 
ment that  the  rapidity  is  increased  to  its  greatest  limit.  By- 
wasting  the  ammunition,  the  supply  destined  for  a  whole  cam- 
paign may  be  expended  in  a  few  hours'  firing,  preliminary  to  a 
battle. 

Generally,  the  rate  of  firing  should  be  much  less  than  one 
shot  per  minute ;  for  the  whole  supply  of  a  six-pounder  being 
about  400  shots,  if  the  firing  was  at  the  rate  of  one  per  minute, 
the  whole  provision  for  a  campaign  would  be  consumed  in  about 
seven  hours. 

The  firing  should  rather  be  too  low  than  too  high,  in  order  to 
take  advantage  of  the  ricochets,  and,  besides,  a  ball  which  rico- 
chets in  front  of  a  line  produces  a  greater  moral  effect  than  one 
which  passes  directly  through  it.  Volleys  should  not  be  fired, 
especially  with  small  batteries,  as  the  enemy  is  enabled  to  take 
advantage  of  the  intervals  between  them,  to  charge.  In  changing 
position,  advantage  is  taken  of  obstacles  and  favorable  ground*  to 
deceive  the  enemy  as  to  the  number  of  batteries  he  has  opposed 
to  him.  An  habitual  slowness  in  firing  renders  this  mauceuver 
very  easy. 

In  a  combat  with  an  enemy's  artillery,  the  pieces  should  be 
separated,  and  given  if  possible  a  position  more  direct  than  usual, 
to  diminish  the  chances  of  being  struck.  In  general,  the  distance 
between  the  pieces  should  be  a  little  greater  than  the  maximum 
deviation  of  the  fire,  in  order  that  the  enemy,  in  firing  upon  one 
piece,  may  not  strike  the  next  one  to  it.  The  fire  of  two  or  three 
pieces  ought  to  be  directed  on  a  single  one  of  the  opposite  bat- 
tery, to  try  to  take  it  in  flank,  or  obliquely,  in  order  to  dismouut 
it.    If  possible,  fire  should  be  opened  on  the  enemy's  artillery 
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just  as  he  is  bringing  his  pieces  around  to  form  into  battery.  Tins 
kind  of  a  contest  should,  however,  be  avoided  as  much  as  possible, 
and  the  pieces  fired  against  the  troops,  particularly  if  they  are 
in  deep  columns,  in  order  to  retard  their  movements  and  throw 
them  into  disorder. 

An  oblique  fire  should  be  obtained  on  the  line,  and  a  converg- 
ing fire  directed  to  a  single  point,  in  order  to  make  a  sensible 
break,  the  moral  effect  produced  by  such  a  result  being  still  more 
terrible  than  the  physical.  Cannonade  incessantly  the  enemy 
whilst  deploying  his  columns,  no  matter  how  terrible  the  fire  of 
his  guns.  If  his  calibers  are  the  largest,  shorten  the  distance  as 
much  as  possible,  keeping  beyond  range  of  grape-shot.  In  this 
way,  the  enemy,  as  he  fires  within  point-blank  ranges,  loses  a  part 
of  his  advantage. 

Pbojkctiles. — The  kind  of  projectile  to  be  used,  will  depend 
upon  circumstances.  Shot  and  shell  should  be  fired  against 
troops  taken  in  flank  or  obliquely,  against  deep  columns,  and 
against  artillery.  The  horizontal  fire  should  be  used  against 
troops  advancing  in  mass  to  force  a  bridge  or  defile,  or  marching 
over  very  smooth  ground.  Shot  had  better  be  used  against  in- 
fantry, and  shells  and  schrapnell  against  cavalry,  as  this  latter 
arm  presents  the  highest  mark,  and  enables  the  pieces  of  the 
bursting  shells  to  do  more  execution.  Moreover,  the  noise  of  the 
explosions  frightens  the  horses  and  demoralizes  the  men.  Against 
houses  occupied  by  the  enemy,  or  troops  covered  by  the  undula- 
tions of  the  grounds,  shells  are  used  also.  A  charge,  when  within 
short  range,  may  be  received  by  firing  from  each  piece  a  solid 
shot  on  top  of  which  is  placed  a  round  of  canister  or  grape.  The 
firing  is  then  as  rapid  as  possible,  sponging  may  be  dispensed 
with,  and  as  the  enemy  approaches  nearer,  grape  and  canister 
alone  are  used,  pointing  very  low  at  very  short  ranges,  so  that 
these  projectiles  may  ricochet  and  scatter  more.  Grape  or  canis- 
ter should  not  be  fired  at  distances  greater  than  700  or  800  yards. 
Schrapnell  should  be  used  against  troops  deployed,  or  in  column, 
by  division  or  by  squadron.  Schrapnell  and  shells  produce  a 
greater  moral  effect,  generally,  than  grape  or  canister. 

The  batteries  should  fire  up  to  the  last  moment,  if  it  is  neces- 
sary for  the  protection  of  the  troops.  They  ought  never  to  expose 
their  flank,  unless  to  execute  an  essential  movement ;  and  then 
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only  when  sure  of  performing  it  before  being  overwhelmed  by 
the  fire  of  the  enemy. 

On  going  into  action,  but  one  caisson  at  a  time  for  two  piece* 
6hould  be  opened,  reserving  to  the  last  the  ammunition  in  the 
limber-boxes  of  the  pieces,  in  case  they  should  be  separated 
momentarily  from  their  caissons.  The  pieces  should  never  be 
without  a  supply.  As  soon  as  a  caisson  is  emptied,  it  is  sent  to 
the  reserve  park. 

If  the  pieces  are  dismounted,  they  are  lashed  under  the  lim- 
bers of  the  gun-carriages  or  caissons,  and  carried  off.  The  enemy's 
pieces  may  be  earned  off  in  the  same  manner. 

Woods,  Attacking. — In  attacking  a  wood,  12-pdr.  guns  should 
be  used  to  destroy  abattis,  and  counter-batter  the  enemv's  artil- 
lery.  The  pieces  should  be  covered,  either  by  the  undulations  of 
the  ground,  or  by  parapets  hastily  formed  of  earth,  fascines,  or 
the  bodies  of  trees.  The  enemy's  artillery  should,  if  possible,  be 
battered  obliquely  or  in  flank.  . 

Defending. — The  position  of  a  battery  near  a  wood  is  not 
tenable,  unless  the  wood  is  in  our  possession,  and,  within  range, 
occupied  by  skirmishers.  In  defending  it,  the  trees  should  b* 
cut  off  at  a  distance  of  three  feet  from  the  ground,  within  a 
radius  of  at  least  300  yards,  and  af  most  of  600.  The  position 
should  be  covered  by  abattis,  and  the  pieces  placed  in  barbette, 
enfilading  the  points  of  attack  as  completely  as  possible. 

Defiles,  Attackino. — A  defile  is  attacked  by  placing  the 
largest  calibers  in  advantageous  positions  to  counter-batter  and 
dismount  the  enemy's  artillery,  whilst  the  lightest  pieces  endeavor 
to  turn  it,  or  batter  it  obliquely  or  in  flank. 

Defense. — Artillery  should  not  be  placed  in  front  of  a  defile 
which  it  is  to  defend,  as  it  might  be  stormed  or  cut  off  by  the 
enemy.  The  be6t  position  is  at  100  or  200  yards  in  rear,  and 
should  then  be  disposed  in  a  curve,  to  obtain  a  converging  fire  on 
the  defile.  If  a  bridge  at  the  end  of  a  long  causeway  is  to  be 
defended,  shot  and  shell  should  be  fired  horizontally.  If  the 
bridge  has  been  cut,  grape  and  canister  will  be  fired  at  the  enemy, 
whilst  he  is  stopped  by  the  cut.  If  the  pieces  are  obliged  to  be 
placed  in  front  of  the  defile,  they  should  be  strongly  sustained  on 
the  flanks,  to  prevent  being  turned.  If  the  defile  is  very  long,  an 
advantageous  position  for  the  artillery  is  chosen  in  the  interior 
near  the  entrance. 
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Posts,  Towns,  «fcc,  Attacking.— If  a  position  is  surrounded 
by  a  wall,  it  is  breached  with  the  largest  pieces  at  hand  by  plac- 
ing them  at  400  or  500  yards,  directing  the  fire  so  as  to  cut  the 
wall  near  its  foot.  To  set  the  place  on  fire,  shells  are  used.  In 
the  absence  of  these,  make  use  of  shot  heated  in  the  traveling 
forges,  or  otherwise.  If  it  is  designed  to  occupy  the  place  after 
it  is  taken,  it  should  not  be  burnt. 

Defensk. — In  defending  a  town  or  post,  it  is  not  necessary  to 
place  the  artillery  on  the  interior,  unless  it  is  fortified,  or  it  is 
intended  to  hold  it  to  the  last  extremity.  In  these  cases,  cut 
embrasures  in  the  walls  of  entrenched  buildings,  propping  up  the 
floors  if  they  are  to  support  cannon.  Defend  the  principal  streets 
and  all  the  approaches,  by  placing  the  largest  pieces  at  the  points 
where  the  greatest  ranges  are  to  be  obtained,  and  under  the 
protection  of  works  susceptible  of  the  longest  resistance.  Flank 
the  approaches  with  small  calibers,  converging  and  crossing  their 
fire  on  all  the  roads  leading  to  the  position  to  be  defended.  Place 
in  advance  only  such  light  pieces  as  can  be  easily  moved.  Batter 
the  neighboring  valleys  and  thickets  with  shells,  and  unite  the 
greatest  amount  of  means  upon  the  point  of  attack.  In  all -cases 
set  fire  to  the  place  if  obliged  to  abandon  it  to  the  enemy. 

Intrknchmknts,  Attack. — A  battery  of  12-pd.  guns  and  24-pd. 
or  32-jkI.  howitzers,  is  established  at  from  400  to  500  yards,  and 
covered,  if  there  is  time,  by  sinking  a  trench  20  in.  deep,  forming 
a  paraj>et  of  the  earth.  Other  batteries,  composed  of  guns  and 
howitzers,  are  established  on  the  prolongation  of  the  faces  to  enfi- 
lade and  take  them  in  reverse.  Howitzers  are  placed  to  lire  along 
the  capitals,  so  as  to  burst  the  shells  in  the  entrenchment.  I'nder 
protection  of  these  batteries  an  attempt  is  made  to  open  a  breach, 
for  which  purpose  the  parapet  is  knocked  down  with  12-pdrs., 
commencing  at  the  top,  and  taking  advantage  of  the  embrasures, 
which  serve  as  a  commencement  for  the  opening.  Shells  fired 
into  the  parapet  crumble  down  the  earth,  and  when  the  thickness 
is  reduced  sufficiently  to  allow  solid  shot  to  pass  completely 
through,  the  breach  soon  becomes  practicable. 

The  breach  made,  canister-shot  and  grape  are  fired  upon  the 
troops  defending  it ;  the  columns  of  attack  are  supported  by 
troops  drawn  up  in  echelon  on  their  flanks,  and  arrangements 
made  to  prevent  the  enemy  from  retaking  the  offensive. 
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Dkffnse. — "When  entrenchments  have  sufficient  command  over 
the  surrounding  ground,  either  from  the  strength  of  the  profile 
or  the  position  which  they  occupy,  the  salients  should  be  armed 
with  large  guns  and  howitzers,  firing  in  barbette  in  order  to 
expose  to  fire  all  the  surrounding  points.  The  smallest  caliber* 
are  reserved  for  the  armament  of  the  flanks,  and  are  fired  through 
embrasures.  This  disposition  will  prove  advantageous  if  the 
different  parts  of  the  intrenchments  project  beyond  each  other 
much  ;  but  if  the  works  form  almost  a  straight  line,  or  are  com- 
posed of  parts  projecting  but  little,  placed  on  a  horizontal  site, 
and  with  a  profile  of  small  dimensions,  the  pieces  had  better  be 
placed  in  the  re-entering  angles,  and  even  in  barbette,  on  the 
curtains. 

In  this  position  in  fact  the  pieces  command  at  almost  as  great 
a  distance  as  when  in  the  salients ;  they  are  less  exposed  to  ricochet 
shots,  and  can  fire  up  to  the  last  moment,  and  at  decisive  periods : 
advantages  which  they  would  not  possess  if  placed  in  the 
salients. 

Field-batteries  are  established  on  the  natural  surface,  are  sunk 
or  raised,  and  fire  through  embrasnres  or  in  barbette,  according 
as  time  and  the  position  occupied  will  allow. 

The  parapet  of  field-batteries  is  from  10  to  12  ft.  thick.  The 
height  of  the  interior  crest  8  ft. ;  that  of  the  genouillere  about  2$ 
ft.,  which  is  also  the  height  of  the  barbette  parapet  The  width 
of  the  embrasure-necks  is  about  20  in. ;  that  of  the  exterior  open- 
ing at  the  bottom,  is  half  the  length  of  the  directrix.  The  cheek* 
are  vertical  on  the  interior,  and  have  on  the  exterior  a  slope  of  ^ 
their  height.  The  bottom  of  the  embrasure  is  so  arranged  that 
grape  and  canister  can  always  be  fired  upon  the  columns  of 
attack.  It  should  never  mask  the  line  of  Bight,  nor  the  fire  of  tbe 
piece.  The  distance  between  the  pieces  is  16  ft.,  and  the  width  of 
the  terre-plein  24  ft. 

Ordinarilv  the  terre-plcin  of  the  barbettc-batt  cry  is  nuBC<i  t*1 
within  2£  ft.  of  the  interior-crest,  which  requires  a  large  amount 
of  filling  in,  for  the  terre-plein  should  not  be  less  than  24  feet  wide. 
Besides  which,  platforms  have  to  bo  laid,  or  the  wheels  will  soon 
form  ruts  in  the  newly  thrown-up  earth.  It  has,  in  consequence, 
been  proposed  to  form  barbettes  on  the  natural  surface,  and  cover 
them  with  a  parapet  2$  ft.  high  and  10  ft  thick.    In  this  way  n'> 
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platforms  are  required,  or  nothing  more  than  thick  planks  laid 
under  the  wheels ;  trenches  may  be  dug  on  the  right  and  left 
of  the  pieces  for  the  cannoneers  to  stand  in,  to  protect  them  from 
the  enemy's  fire. 

Batteries  sometimes  consist  simply  of  mounds  hastily  thrown 
up,  when  a  few  hours  suffice  for  their  construction. 

The  surface  occupied  by  a  piece  or  caisson  drawn  by  six  horses 
is  2S  square  yards.  That  occupied  by  a  limber  and  its  teams,  22 
square  yards.    The  front  of  all  the  carriages  is  2  yards. 

The  artillery  of  intrenchments  fires  shot  upon  the  enemy's 
batteries;  grape,  canister,  and  sheila  against  the  columns  of 
attack ;  and  at  short  distances  canister  is  placed  on  top  of  the 
other  shot. 

Retreat. — The  retreat  of  troops  is  defended  with  a  fire  of 
grape  and  canister ;  and  in  such  a  case,  horse  artillery  marching 
with  the  reserves,  may  be  of  great  assistance,  by  furnishing  its 
mounted  cannoneers  to  charge  upon  the  pursuing  enemy. 

Batteries  execute  a  retreat  with  a  fire  by  battery  or  by  half 
batteries.  Thev  should  retire  slowly  and  without  confusion.  A 
sj>ecified  number  of  pieces  occupy  rapidly  positions  selected  in 
advance,  and  protect  the  movement  of  the  troops  by  enabling 
them  to  rally  or  pass  through  narrow  defiles.  These  pieces,  whose 
fire  should  be  rapid  and  well  directed,  should  retain  their  position 
until  the  last  extremity,  and  ought  not  to  retire  until  a  formal 
order  to  do  60  is  received.  Villages  are  obstinately  defended,  set 
tire  to  when  abandoned,  and  the  enemy  kept  out  as  long  as  pos- 
sible, by  throwing  shells  into  them.  If  all  hope  of  retaking  the 
offensive  is  given  up,  the  bridges  on  the  route  are  blown  up, 
and  every  other  possible  means  taken  to  retard  the  advance  of 
the  enemy. 

SELECTION  OF  HORSES  FOR  ARTILLERY  SERVICE. 

Qualities. — The  horse  for  artillery  service  should  be  from  5 
to  7  years  old  (the  latter  age  to  be  preferred),  and  should  be  from 
15  to  16  hands  high. 

The  saddle  horse  should  be  free  in  his  movements;  have  good 
pight ;  a  full,  firm  chest ;  be  sure  footed  ;  have  a  good  disposition, 
with  boldness  and  courage  ;  more  bottom  than  spirit,  and  not  too 
showy. 
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The  draft  horse  should  stand  erect  on  his  legs,  he  strong} 
built,  but  free  in  his  movements ;  his  shoulders  should  be  lar^ 
enough  to  give  support  to  the  collar,  but  not  too  heavy  ;  his  body 
full,  but  not  too  long ;  the  sides  well  rounded  ;  the  limbs  solid, 
with  rather  6trong  shanks,  and  feet  in  good  condition. 

To  these  qualities  he  should  unite,  as  much  as  possible,  lb* 
qualities  of  the  saddle  horse ;  should  trot  and  gallop  easily  ;  hay* 
even  gaits,  and  not  be  skittish.  The  mo6t  suitable  horse  tor  the 
pack-saddle  is  the  one  most  nearly  approaching  the  mule  in  In- 
formation. He  should  be  very  strong-backed,  and  from  14  to  15 
hands  high. 

Horses  with  very  long  legs,  or  long  pasterns,  should  I* 
rejected,  as  well  as  those  which  are  J>oor,  lank,  stubborn,  i»r 
vicious. 

The  Mule,  used  with  mountain  artillery  in  carrying  the  pieces, 
carriages,  &c,  is  preferable  on  many  accounts  to  the  horse,  espe- 
cially in  a  very  rough  country,  where  its  surefootedness  is  an 
important  quality.  There  are  two  kinds — the  mule  proper,  or 
product  of  the  jackass  and  mare,  being  considered  preferable  to 
that  of  the  horse  and  ass.   The  former  brays,  the  latter  neighs. 

The  mule  may  be  usefully  employed  from  its  fourth  vcar  t«» 
beyond  its  twenty -fifth.  It  is  usually  from  13^  to  15  hands  high  ;  U 
hardy,  seldom  sick,  fears  heat  but  little ;  is  easy  to  keep  ;  is  very 
sure-footed,  and  is  especially  adapted  for  draught  or  parking ;  bur 
is  seldom  used  for  drawing  pieces,  on  account  of  its  fear  of  fire- 
arms. What  has  been  said  in  regard  to  the  desirable  qualities* 
in  the  horse,  is  mostly  applicable  to  the  mule. 

Selecting. — To  choose  horses,  their  attitudes  and  habits  should 
be  examined  in  the  stable.  Leaving  the  stable,  they  should  be 
stopped  at  the  door  in  order  to  examine  their  eyes,  the  pupils  «.f 
which  should  contract  when  struck  by  tho  light.  Out  of  the 
stable,  they  should  neither  be  allowed  to  remain  quiet,  nor  tn  be 
worried.  Care  should  bo  taken  against  being  deceived  by  the 
effects  of  the  whip,  cries,  &c.  The  positions  of  a  horse,  his  limb** 
age,  and  height,  should  be  examined  at  different  times.  He 
should  be  walked  about  with  a  long  rein,  observing  the  action  of 
his  rear  extremities  when  he  moves  off,  of  his  fore  ones  when  aj>- 
proaching,  and  of  both  when  moving  with  his  flank  towards  you. 
The  examination  should  be  repeated  at  a  trot,  observing  in  what 
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manner  the  horse  gathers  himself ;  whether  he  interferes,  rocks 
in  his  motions,  or  traverses  his  shoulders  or  haunches.  Kein  him 
backwards;  make  one  of  the  men  get  on  him,  and  see  if  he  is  diffi- 
cult to  mount,  and  whether  or  not  he  bears  too  hard  on  thp  bit. 
Make  him  gallop  a  little,  to  judge  of  his  wind,  and  see  whether  his 
U.uiks  heave.  Have  his  feet  washed  and  examined  carefullv. 
Strike  upon  the  shoe  to  determine  whether  he  is  easily  shod  or  not. 

Age. — The  age  of  a  horse  is  determined  by  the  appearance  of 
his  teeth.  When  he  is  5  years  old,  his  mouth  is  nearly  perfect 
with  a  full  set  (40)  of  teeth,  20  in  each  jaw  ;  six  of  these  are  in 
front,  and  called  7iijq>er8,  or  cutting  teeth  ;  a  tush  on  each  side  of 
these,  and  on  each  side  of  the  back  part  of  the  jaws  six  molars  or 
grinding  teeth. 

At  the  birth  of  the  colt,  the  1st  and  2d  grinders  have  appeared, 
and  in  the  course  of  seven  or  eight  days  after,  the  two  central 
nippers  force  their  way  though  the  gums.  In  the  course  of  the 
first  month,  the  3d  grinder  appears  above  and  below,  and  shortly 
after  another  of  the  incisors  on  each  side  of  the  first  two. 

At  the  end  of  two  months,  the  central  nipj>er8  reach  their  full 
height,  and  before  another  month  the  second  pair  will  overtake 
them.  They  then  begin  to  wear  away  a  little,  and  the  outer 
edge,  which  was  at  first  somewhat  raised  and  sharp,  is  brought  to 
a  level  with  the  inner  one.  So  the  mouth  continues  until  some 
time  between  the  0th  and  Oth  month,  when  two  other  nippers 
begin  to  appear,  making  12  in  all,  and  completing  the  colt'a 
mouth.  After  this,  the  only  observable  difference,  until  between 
the  2d  and  3d  vear,  is  the  wear  of  these  teeth. 

These  teeth  are  covered  with  a  polished  and  very  hard  enamel, 
which  spreads  over  that  portion  above  the  gum.  From  the  con- 
stant habit  of  nipping  grass,  and  gathering  up  the  animal's  food, 
a  jtortioii  of  the  enamel  is  worn  away,  while  in  the  center  of  the 
upper  hurfacc  of  the  teeth,  it  sinks  into  the  body  of  the  tooth, 
forming  a  little  pit.  The  inside  and  bottom  of  this  pit  being 
blackened  by  the  food,  constitutes  the  mark  of  the  teeth,  by  the 
gradual  disappearance  of  which  from  the  wearing  down  of  the 
edge,  we  are  enabled,  for  several  years,  to  judge  of  the  age  of  the 
animab 

The  teeth,  at  first  presenting  a  cutting  surface,  with  the  outer 
edge  rising  in  a  slanting  direction  above  the  inner,  soon  begin  to 
wear  down  until  both  surfaces  are  level;  and  the  mark,  originally 
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Fig.  272. 


long  and  narrow,  becomes  shorter,  wider,  and  fainter.  Fig.  272 
represents  the  appearance  of  the  animal's 
month  at  12  months.  The  four  middle 
teeth  are  almost  level,  and  the  corner  ones 
becoming  so.  The  mark  in  the  two  middle 
teeth  is  wide  and  faint ;  in  the  two  next, 
darker,  longer,  and  narrower ;  and  in  the 
extreme  ones,  it  is  darkest,  longest,  and 
narrowest.  This  appearance  of  the  nippers, 
together  with  the  coming  of  four  new  grind- 
ders,  enables  the  age  of  the  colt  to  be  pretty 
nearly  calculated. 

Six  months  after,  the  mark  in  the  central  nippers  will  be 
much  shorter  and  fainter ;  that  in  the  two  other  pairs  will  have 
undergone  an  evident  change,  and  all  the  nippers  will  be  flat. 

At  two  years  old,  this  change  will  be  still  more  manifest,  and 
the  lower  jaw  of  the  colt  will  present 
the  appearance  represented  in  Fig.  273. 
About  this  period,  too,  a  new  grinder 
appears,  making  20  in  all,  and  a  still 
more  important  change  takes  place. 
This  consists  in  the  formation  of  the 
permanent  teeth  which  gradually  come 
up  from  beneath,  absorb,  and  take  the 
place  of  the  temporary,  or  milk  teeth  as 
they  are  called,  and  finally  push  the  top 
parts  of  these  latter  out  of  their  places.  These  permanent  teeth 
are  much  larger  and  stronger  than  the  first  ones. 

The  teeth  are  replaced  in  the  6ame  order  that  they  originally 
appeared,  and  consequently,  at  the 
end  of  the  second  year,  the  first 
grinders  are  replaced  by  permanent 
and  larger  ones  ;  then  the  central  nip- 
pers and  so  on.  At  the  end  of  the 
third  year,  the  colt's  mouth  will  pre- 
sent the  appearance  shown  in  Fig.  274. 
The  central  teeth  are  larger  than  the 
others,  with  two  grooves  in  the  outer 
convex  surface,  and  the  mark  is  long, 
narrow,  deep,  and  black.    Not  hav-  Fig.tu. 
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ing  vet  attained  their  full  growth,  thev  are  rather  lower  than  the 
others.,  Tlic  mark  in  the  two  next  nippers  is  nearly  worn  out, 
ami  it  is  wearing  awnv  in  the  extreme  ones. 

A  horse  at  three  years  old  ought  to  have  the  central  perman- 
ent nippers  growing;  the  other  two  pairs  wasting;  six  grinders  in 
each  jaw,  above  and  below — the  first  and  fifth  level  with  the 
other,  and  the  sixth  protruding.  The  sharp  edge  of  the  new 
incisors  will  be  very  evident  when  compared  with  the  neighbor- 
ing teeth. 

As  the  permanent  nippers  wear,  and  continue  to  grow,  a  nar- 
rower portion  of  the  cone-shaped  tooth  is  exposed  to  attrition,  and 
they  look  as  if  they  had  been  compressed.  The  mark,  of  course, 
gradually  disapj>ears  as  the  pit  is  worn  away. 

At  three  years  and  a  half,  or  between  that  and  four,  the  next 
pair  of  nippers  will  be  changed.  The  central  nippers  will  have 
attained  nearly  their  full  growth.  A  vacuity  will  be  left  where 
the  second  stood,  or  they  will  begin  to  peep  above  the  gum,  and 
the  comer  ones  will  be  diminished  in  breadth,  worn  down,  and 
the  mark  becoming  small  and  faint.  At  this  period,  too,  the 
second  pair  of  grinders  will  be  shed. 

At  four  years,  the  central  nippers 
will  be  fully  developed ;  the  sharp 
edge  somewhat  worn  off,  and  the 
mark  short  it,  wider,  and  fainter. 
The  next  pair  will  be  op,  but  they 
will  be  small,  with  the  mark  deep,  f 
and  extending  quite  across  them.  \  \ 
The  comer  nippers  will  be  larger 
than  the  inside  ones,  yet  smaller 
than  they  were,  flat,  and  the  mark 
nearly  effaced.  The  sixth  grinder 
will  have  risen  to  a  level  with  the  others,  and  the  tushes  will  be- 
gin to  appear.  See  Fig.  275.  The  small  size  of  the  comer  nip- 
pers, the  want  of  wear  in  the  others,  the  little  growth  of  the  tush, 
the  smallness  of  the  second  grinder,  the  low  fore  hand,  the  leggi- 
ncss  of  the  colt,  and  the  thickness  and  little  depth  of  the  mouth, 
will  prevent  the  horse  from  being  passed  off  as  over  four  years 
old. 

The  tafthe*  arc  much  nearer  the  nippers  than  the  grinders,  but 
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this  distance  increases  with  the  age  of  the  animal.  The  time  o4 
their  appearance  is  uncertain,  and  it  may  vary  from  the  •fourth 
year  to  four  years  and  six  months. 

At  four  years  and  a  half  the  last  important  change  takts 
place  in  the  mouth.  The  comer  nippers  are  shed,  and  the  perma- 
nent ones  begin  to  appear.  The  central  nippers  are  considerably 
worn,  and  the  next  pair  are  commencing  to  show  signs  of  usage. 
The  tush  has  now  protruded,  and  is  generally  a  full  half-inch  in 
height,  After  the  rising  of  the  corner  nippers  the  animal  change* 
its  name — the  colt  becomes  a  horse,  and  the  filly  a  mare. 

At  five  years  the  corner  nippers  are  quite  up,  with  the  long  deep 
mark  irregular  on  the  inside,  and  the  other  nippers  bearing  evi- 
dence of  increased  wear.  The  tush  is  much  grown,  the1  groove* 
have  nearly  disappeared,  and  the  outer  surface  is  regularly  con- 
vex, though  the  inner  is  still  concave,  with  the  edge  nearly  as  sharp 
as  it  was  six  months  before.  The  sixth  molar  is  quite  up,  and  the 
third  wanting,  which  last  circumstance 
will  be  of  great  assistance  in  prevent- 
ing deception.  The  three  last  grind- 
ers and  the  tushes  are  never  shed.  Fig. 
276  represents  the  mouth  of  a  5-year 
old  horse. 

At  six  years  the  mark  on  the  cen- 
tral nippers  is  worn  out,  though  a 
difference  of  color  still  remains  in  the 
center  of  the  tooth,  and  although  a 
slight  depression  may  exist,  the  deep 
hole  with  the  blackened  surface  and  elevated  edge  of  enamel  will 
have  disappeared.  In  the  next  incisors  the  mark  is  shorter, 
broaden  and  fainter ;  and  in  the  corner  teeth  the  edges  of  the 
enamel  are  more  regular,  and  the  surface  is  evidently  worn.  The 
tush  has  attained  its  full  growth  of  nearly  an  inch  in  length ; 
convex  outwards,  concave  within,  tending  to  a  point,  and  the 
extremity  somewhat  curved.  The  third  grinder  is  fairly  up,  and 
all  the  grinders  are  level. 

At  seven  years,  the  mark  is  worn  out  in  the  four  central  nip- 
pers, and  fast  wearing  away  in  the  corner  ones.  The  tush  i* 
becoming  rounded  at  the  point  and  edges  ;  still  round  outside,  and 
beginning  to  get  so  inside.    Fig.  277. 
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At  eight  years  old,  the  tosh  is 
rounder  in  every  way  ;  the  mark  is 
gone  from  all  the  hottom  nippers, 
and  nothing  remains  in  them  that 
can  afterwards  clearly  6how  the 
a^e  of  the  horse. 

An  operation  is  sometimes  per- 
formed on  the  teeth  of  horses,  to 
deceive  purchasers  in  regard  to 
age.  This,  called  bishoping,  after 
the  inventor,  consists  in  throwing 
a  horse,  8  or  9  years  old,  and  with 
an  engraver's  tool  digging  a  hole  in  the  almost  plane  surface 
of  the  corner  teeth,  of  the  same  shape  and  depth  of  those  seen  in 
a  7-ycars  old  horse.  The  holes  are  then  burned  with  a  heated 
iron,  leaving  a  permanent  black  stain.  The  next  pair  of  nippers 
are  also  sometimes  lightly  touched.  An  inexperienced  person 
mjgkt  be  deceived  by  the  process;  but  a  careful  examination  will 
disclose  the  irregular  appearance  of  the  cavity — the  diffusion  of 
the  black  stain  around  the  tushes,  the  sharpened  edges  and  con- 
cave inner  surface  of  which  can  never  be  given  again — and  the 
marks  on  the  upper  nippers.  After  the  horse  is  8  years  old, 
horsemen  are  accustomed  to  judge  of  his  age  from  the  nippers  in 
the  upper  jaw,  where  the  mark  remains  longer  than  in  the  lower 
jaw  teetli ;  so  that  at  9  years  of  age  it  disappears  from  the  central 
nippers;  at  10  from  the  next  pair,  and  from  all  the  upper  nippers 
at  11.  During  this  time,  too,  the  tushes  are  changing,  becoming 
blunter,  shorter,  and  rounder;  but  the  means  for  determining 
accurately  the  age  of  a  horse,  after  he  has  passed  8  years,  are 
verv  uncertain. 

0 

The  general  indications  of  old  age,  independent  of  the  teeth, 
are  deepening  of  the  hollows  over  the  eyes,  and  about  the  muzzle ; 
thinness  and  hanging  down  of  the  lips  ;  sharpness  of  the  withers  ; 
sinking  of  the  back  ;  lengthening  of  the  (quarters  ;  and  the  disap- 
pearance of  windgalls,  spavins,  and  tumors  of  every  kind. 

The  uprightness  with  which  a  horse  habitually  stands,  has  a 
great  bearing  upon  his  good  qualities  and  endurance.  Viewed  in 
profile,  bis  front  legs  should  be  comprised  between  two  verticals, 
the  one,  A,  Fig.  278,  let  fell  from  the  point  of  his  shoulder,  and 
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terminating  at  his  toe  ;  the  other,  B,  from  the  top  of  the  wither*, 
and  passing  through  the  elbow.  A  line,  C,  passing  through  the 
fetlock  joint,  should  divide  the  limb  into  two  equal  parts.  The 
hind  legs  should  be  comprised  between  two  verticals,  A'  falling 


from  the  hip,  and  B'  falling  from  the  point  of  the  buttock ;  the 
foot  at  very  nearly  equal  distances  from  these  two  lines.  A  line. 
C,  let  fall  from  the  hip-joint,  should  be  equally  distant  from  the^e 
two  lines  A',  B'. 

Viewed  in  front,  a  vertical  let  fall  from  the  point  of  the  shoul- 
der, should  divide  the  leg  along  its  central  line.  In  rear,  a  verti- 
cal from  the  point  of  the  buttock,  should  divide  the  leg  equally 
throughout  its  entire  length. 

The  height  of  the  horse,  measured  from  the  top  of  the  withers 
to  the  ground,  should  be  equal  to  his  length  from  the  point  of  the 
shoulder  to  the  point  of  the  buttock.  His  chest,  looking  at  him 
from  the  front,  should  be  broad ;  and  viewed  from  the  rear,  he 
should  be  broad,  with  good  muscle,  and  strongly  built. 

TRANSPORTATION. 

When  artillery,  horses,  »fcc.,  are  to  be  transported,  whether  by 
sea  or  land,  an  inventory  of  the  whole,  and  a  statement  of  the 
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number  of  men  or  troojw  to  accompany  them  should  he  made  out, 
and  the  pn»]M'r  mean*  of  transportation  applied  for. 

Ilv  Sua. — For  tran*t>ortntion  bv  hea,  the  inventory  should 
Mate  the  number  of  article*,  the  weight  of  each,  and  the  total 
weight  of  each  kind,  leaving  a  lar^e  e  .lumu  for  remark*.  In 
e*timatin^  the  weight,  increase t  c  total  hy  one  half  the  weight  of 
the  *mall  article,  Mich  a*  accoutrement*,  U*,U%  ifceM  whieh  occupy 
considerable  ppacc  in  proportion  to  their  weight,  and  apply  for 
ve*>el*  Mitiieient  for  tlie  tran»jM»rtntion  of  the  whole  weight. 
Jhch'l  vcmm-I*  are  preferred,  e*].eeially  if  ammunition  is  included 
anions  the  *torc*. 

Tlie  tonnage  of  vc~el*  i*  estimated  in  ton*  of  '2/240  lb*.  Tlie 
ballast  should  not  count  in  the  tonnage  of  a  vc-m1,  and  if  it  i* 
included,  a  deduction  of  one  thinl  uiu**t  be  made.  Tin-  captain* 
have  usually  a  certificate  of  the  tonnage  of  their  vt>m-!»  ;  hut  it 
Iiiav  become  ncce^arv  to  make  tlie  estimate,  in  which  ca-e,  mul- 
tiply  together  the  three  principal  dimciiMou*  of  the  \e--el  in 
yard*,  and  divide  the  product  hy  41.0.  Tlie  result  will  he  the 
number  of  ton*. 

A  Mah-nx  nt  of  the  di-trihution  of  the  article*  amon^r  the  dif- 
ferent  vr-*«'U  should  then  he  made  out,  an  well  a*  an  inventory  of 
the  numher  to  he  placed  on  each.  Tlie  latter  should  he  made  out 
in  duplicate,  one  copy  beiri^'  kept  by  t'ie  ma-ter  of  tlie  vc-*cl,  the 
other.  signed  by  him.  by  tin*  pci-m  having  th«-  More*  in  charge, 
who  hU..  should  mi'  that  the  full  capacity  of  the  vci-el  U  made 
um>  of,  as  captain*  are  sometime  apt  to  *av  they  are  overloaded 
bef.-rv  they  have  received  their  full  carp>. 

The  c.irp*-,  should  he  distributed  in  accordance  with  the 
object  in  \iew.  For  a  single  expedition,  each  %t>-l  should  be 
loaded  with  even  tiling  m-cc^ary  for  action  at  tlie  moment  of 
diM-mbarkin^  ;  m»  that  in  ea>e  of  the  delay  of  a  part  of  the  tron*- 
j*.rN,  it  will  not  bee,. me  n,t  e—arv  to  Malt  for  them.  With  each  • 
iruti  should  be  placed  it*  equipment  n,  ammunition,  and  the  car- 
ria^*  nece«*ary  for  their  trauh]oortati"n,  as  well  a»  the  ph,tform»t 
t«»»U,  iii-trumeiit-,  and  material  for  the  con*t  ruction  of  batteries. 
If  a  certain  caliber  i ■*  indi*pcn«ablc  t«»  any  cxj»e<lition,  all  tho 
piece*  of  that  calil»cr  should  not  be  placid]  upon  one  vt»w  I. 

The  jfiin  carriage*,  wap»n*.  and  limber*  should  l>c  dismounted 
by  removing  the  wheel-  and  l»"»x<»,  placing  in  the  latter  the  iron* 
and  lo-.l*  nccc^ary  for  putting  the  carriage*  topther  a^ain. 
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Made-up  ammunition  should  be  well  packed  in  boxes  we  igh- 
ing from  100  to  150  lbs.,  closed  with  wooden  screws  or  with  band** 
and  provided  with  rope  handles.  Cartridges,  fuzes,  fire-work*, 
and  materials  for  them,  in  casks.  Powder  in  barrels,  of  not  inore 
than  100  lbs.  each.  Sponges  and  rammers,  worms  and  ladles,  are 
united  in  bundles,  according  to  caliber,  for  one  or  two  pieces?,  and 
held  together  by  two  or  three  circular  plates,  with  notches  ;  the 
havresacks  and  pouches  are  placed  inside  of  these  bundles 
Pioneers'  tools,  levels,  rules,  «fcc,  each  kind  by  itself,  are  placed 
in  packages  or  in  boxes.  Hay-wads  are  placed  in  sacks,  1»*»  or 
150  in  each.  Each  box,  package,  <fcc,  must  be  marked  with  the 
kind  and  number  of  its  contents. 

The  heaviest  objects  are  placed  beneath,  commencing  wi:h 
the  projectiles  (including  empty  shells),  then  the  pieces,  platforms,, 
gun-carriages,  wagons,  limbers,  ammunition-boxes,  «fec.  Boxes  of 
arms  and  ammunition  in  positions  the  least  exposed  to  moist ure. 
Nothing  should  be  placed  in  the  lower  part  of  the  hold,  where 
water  is  usually  found.  If  it  is  necessary  to  occupy  that  part  «>f 
the  vessel,  the  objects  least  injured  by  moisture  should  be  placed 
there. 

If  the  disembarkation  is  to  be  made  in  the  presence  of  an 
enemy,  the  vessels  should  be  so  loaded  that  some  of  the  field- pieces 
can  be  landed  at  once,  with  their  ammunition  and  equipments, 
with  6ome  chevaux-de-frise,  and  the  tools  necessary  to  throw  up 
in  trench  ments,  or  facilitate  the  landing.  These  pieces  may  lx? 
placed  upon  the  deck  in  positions  where  they  will  not  interfere 
with  the  manamvering  of  the  vessel. 

Horses. — In  transporting  horses  by  sea,  great  care  should  be 
taken,  both  of  their  food,  and  to  prevent  their  being  injured. 
With  regard  to  the  arrangements  made  for  their  reception  and 
the,  manner  of  regulating  them  on  board  ship,  the  method  pur- 
sued on  board  the  English  horse-transport  steamer  Himalaya,  a* 
described  by  Capt.  McClellan,  will  be  inserted,  as  the  whole  sys- 
tem is  represented  as  very  perfect,  and  well  worthy  of  imitation. 

Two  rows  of  stalls,  with  the  rear  ends  2'  at  least  from  the  ves- 
sel's 6ides,  are  arranged  on  each  deck.  Theso  stalls,  Fig.  27!>,  arv 
each  furnished  with  movable  side-boards,  a  movable  breast -board, 
and  a  fixed  tail-board,  all  padded  ;  the  side-boards  on  both  sides,  the 
tail-board  next  to  the  horse  and  nearlv  to  the  bottom  of  the  stall, 
and  the  breast-board  on  top  and  on  the  side  next  the  horse.  The 
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padding  used  consists  of  felt,  or  raw  hide  (the  latter  objectionable 


rig. 


on  account  of  the  odor),  stuffed  with  cow's  hair  wherever  the 
animal  can  gnaw  it,  witli  straw  in  other  parts.  It  is  from  2"  to 
3"  thick.  The  feed-troughs  are  of  wood,  hound  on  the  edges 
with  sheet-iron  or  zinc,  and  attached  to  the  breast-boards  with 
two  hooks.  The  breast  and  side  boards  ship  in  grooves.  Fig. 
'J71*  represents  the  horizontal  projection  of  one  stall.  In  front  of 
each  head-post  a  halter-ring  A  is  placed,  ami  over  this  near  the 
top  of  the  post  is  a  hook,  to  which  the  sea-halter  is  hung  when 
not  in  use.  The  feed-troughs,  head-boards,  and  stalls  are  white- 
washed and  numbered. 

Fig.  2S(>  represents  a  section  of  one  of  these  stalls  through  the 
axis.    The  flooring  is  raised  above  the  deck  on  battens,  and  is 


Fir  wo. 

divided  into  separate  platforms  for  every  two  stalls,  so  that  it  can 
easily  be  rai.»cd  to  clean  the  dcek  beneath;  4  6trong  battens  are 
nailed  across  to  give  the  animals  a  foot-hold. 
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Fig.  281  is  a  section  through  the  side  boards  of  a  stall,  and 
6hows  the  dimensions  of  the  timbers  and  height  of  side-board*, 
as  well  as  the  manner  of  inserting  them  in  their  grooves.    B  > 
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Fig.  tSl. 

the  hook  for  hanging  up  the  sea-halter.  This  halter  is  made 
double  canvas,  2"  wide,  and  has  two  ropes,  which,  being  fastened 
one  to  each  post,  keep  the  animal's  head  still,  and  prevent  Iuil 
from  interfering  with  his  neighbor.  C  and  E  are  battens  fs-r 
securing  the  ropes  of  the  sling,  shown  in  Fig.  2S2.  2),  bolts.  :V«r 
the  same  purpose,  when  the  sling  is  of  the  form  represented  in 
Fig.  283. 

On  the  spar  deck,  the  stalls  are  under  sheds,  every  8  stall? 
forming  a  separate  set,  so  that  they  can  readily  be  moved  about 
when  the  decks  are  to  be  cleaned.  Water-proof  curtains  are  pro  - 
vided for  the  front  and  rear ;  a  passage  way  of  at  least  2  is  loft 
betwen  the  shed6  and  the  bulwarks. 

When  practicable,  a  staging  is  erected  alongside,  that  ti* 
horses  may  be  walked  on  and  off  the  vessel ;  when  this  cannot  K 
done,  they  are  hoisted  on  board  in  the  sling,  a  small  donkvy 
engine  being  used  for  the  purpose.  In  this  way,  horses  may  K 
shipped  or  unloaded  at  the  rate  of  one  per  minute. 

The  slings  are  of  canvas,  of  the  shape  and  dimensions  rvpn»- 
6ented  in  Figs.  282  and  283.  For 
hoisting  in  and  out  the  horses,  the 
sling  is  provided  with  a  breast 
strap  and  breeching.  On  the  main 
and  orlop  decks  the  sling  ropes  are 
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attached  to  the  bolts ;  on  the  spar 
deck  to  battens.  It  was  intended 
to  adopt  the  sling  represented  in 
Fig.  282,  as  diminishing  vibra- 
tion. 

At  sea,  the  sling  is  used  only  when  the  animals  show  signs  of 
weakness  in  bad  weather,  in  which  case  about  1"  play  is  given  to 
the  slings,  as  it  is  only  intended  to  prevent  the  horses  from  falling. 

To  place  the  horses  in  the  stalls,  all  the  side  boards  are  re- 
mo  veil  except  the  one  at  the  end  of  the  row  ;  a  horse  is  then 
walked  along  to  the  last  stall,  and  the-  other  side  board  put  in, 
and  so  on  with  all  the  rest.  They  should  be  placed  in  in  the  same 
order  that  thev  are  accustomed  to  stand  in  the  Btable  or  at  the 
picket  rojKJ.  If  it  becomes  necessary  to  remove  a  horse  from  his 
stall  during  the  voyage,  the  breast  board  is  taken  away,  and  he  is 
walked  out. 

All  wooden  parts  are  washed  with  some  disinfecting  compound, 
or  simply  white-washed.    Chloride  of  zinc  is  freely  used. 

The  decks  are  washed  everv  dav,  and  the  stalls  cleaned  after 
every  feed,  especially  at  7  P.  M.  From  the  spar  and  main  decks, 
the  stale  passes  off  through  the  scuppers ;  from  the  orlop  deck  it 
passes  to  the  hold,  and  is  pumped  out  by  the  engine.  On  the 
Himalaya  not  the  slightest  disagreeable  odor  could  be  detected. 

The  feed-troughs  and  horses'  nostrils  are  washed  every  morning 
and  evening  with  vinegar.  A  scraper,  brush,  and  shovel  are 
allowed  to  every  eight  stalls. 

A  guard  always  remains  over  the  horses,  and  in  cases  of  neces- 
sity a  farrier  or  non-commissioned  officer  is  sent  for. 

(ireat  attention  is  paid  to  ventilation.  The  orlop-deck, 
although  hotter  than  the  others,  appears  to  be  the  most  favorable 
one  tor  the  horses. 

So  long  as  cleanliness  is  preserved,  the  commander  of  the 
vessel  does  not  interfere  as  to  the  hours  for  feeding,  which  arc 
usually  at  C  and  11  A.  M.  and  5$  P.  M.  If  any  horse  refuses  his 
food,  the  fact  is  at  once  reported.  A  supply  of  forage  is  always 
carried  on  board  the  ship.  The  horses  drink  condensed  steam. 
The  ration  at  sea  was  established  at  10  lbs.  of  hay,  6  lbs.  of  oats, 
half  |>eek  of  bran,  and  6  galls,  of  water,  as  a  maximum  ;  but  it  is 
generally  considered  this  is  too  great,  and  that  f  the  allowance, 


-d>- 


Digitized  by  Google 


422 


FIELD  ARTILLERY. 


except  the  water,  would  be  ample,  as  it  is  found  there  is  great 
danger  from  over-feeding  at  sea.  No  grain  is  given  the  day  the 
horses  come  on  board,  but  simply  a  mash  of  bran,  which  :* 
considered  the  best  habitual  food  at  sea. 

For  the  men,  bunks  and  hammocks  are  generally  usod. 
Standing  bunks  are  found  to  be  very  objectionable,  on  account 
the  difficulty  of  keeping  them  clean.  Hammocks  are  regarded 
as  preferable  for  men  in  good  health,  while  many  officers  consider 
it  best  to  provide  neither  hammocks  nor  bunks,  but  to  allow  tb* 
men  to  lie  down  on  the  fore-decks,  with  their  blanket*  and  over- 
coats. 

When  the  transports  are  numerous,  each  one  should  have  on 
the  starboard  and  larboard,  and  on  a  broad  pendant  at  the  top  o! 
the  main-mast,  an  easily  distinguished  number.  By  means  of 
these  numbers,  which  are  marked  on  the  bills  of  lading,  the 
disposable  resources  of  the  expedition  are  known  at  any  time. 
Vessels  carrying  some  particular  flag  should  be  specially  appro- 
priated for  the  transportation  of  powder,  fire-works,  and  ammuni- 
tion, which  may  be  separated  from.the  pieces. 

Disembarking. — The  pieces  required  to  act  against  the  enemy 
at  once  are  first  disembarked,  and  the  remainder  of  the  cargo  i* 
taken  out  in  the  inverse  order  in  which  it  was  placed  upon  u-: 
vessels.  The  wagons  which  are  to  serve  as  transportation,  «u> 
put  together  as  quickly  as  possible.  The  different  articles  are 
placed  together  by  kind,  at  a  sufficient  distance  from  the  beach,  in 
order  not  to  embarrass  the  landing.  All  necessary  precauti«  -2 
should  be  taken  with  the  powder  and  ammunition  which  is  not  to 
be  transported  immediately,  to  prevent  confusion,  damage  an»l 
accidents. 

If  it  becomes  necessary  to  tranship,  or  leave  any  articles  up*  >z. 
the  vessels,  the  facts  should  be  carefully  noted  on  the  manifest*. 

The  ships'  crews  are  used  in  embarking  and  disembarking, 
using  for  these  purposes  the  yard-arms  and  tackles.  It  is  ordina- 
rily sufficient  to  furnish  them  with  rollers  and  skids,  in  order  to 
place  the  articles  convenient  to  the  tackle.  Under  some  circum- 
stances, it  becomes  necessary  to  establish  bridge  abutment*, 
shears,  gins,  <fcc.  For  the  want  of  the  ordinary  means,  a  tetnjKv- 
rary  crane  may  be  established.  To  do  this  a  long  mortise  is  cut 
in  a  beam  about  i  of  the  distance  from  its  end,  and  ujon  the 
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ground  is  fixed  a  frame-work,  furnished  with  a  6trong  vertical 
pin.  The  beam  is  laid  on  this  frame  with  the  pin  in  the  mortise, 
like  an  ordinary  pintle,  but  in  such  a  way  that  the  ends  of  the 
beam  can  be  raised  and  lowered.  The  shortest  part  of  the  beam 
is  then  turned  towards  the  load,  and  the  different  weights  being 
slung  to  it,  are  raised  by  lowering  the  opposite  end,  previously 
raised  to  make  the  lashings  shorter.  The  beam  is  then  turned 
around  on  its  pintle  until  the  weight  is  in  the  proper  position, 
when  it  is  lowered  gently  and  unlashed.  If  a  tree  or  beam  tit  for 
the  purpose  cannot  be  obtained,  several  small  pieces  may  be 
lashed  and  pinned  together. 

Railroad  Tkanspoktation. — In  railroad  transportation,  when 
several  trains  are  required,  they  should  be  in  proportion  to  the 
jMjwcr  of  the  engines  employed,  and  full  loads  should  be  placed 
on  them  regardless  of  the  divisions  made  in  the  command,  such 
as  batteries,  half-batteries,  sections,  &c. 

The  men  are  provided,  before  starting,  with  provisions  to  last 
during  the  trip,  which  should  be  cooked  and  carried  in  the  haver- 
sacks. The  canteens  are  filled  .with  water;  the  French,  in  warm 
weather,  mixing  brandy  with  it.  As  the  horses  can  eat  in  the 
wagons,  even  whilst  the  train  is  in  motion,  hay  (pressed  if  pos- 
sible) should  be  distributed  at  the  rate  of  about  8,  14,  or  24  lbs. 
per  horse,  according  as  the  trip  is  to  last  less  than  12,  between 
12  and  24,  or  more  than  24  hours.  A  feed  of  oats  (half  a  ration, 
0  11)8.)  is  carried  in  bags  and  placed  in  the  baggage  wagons.  It 
should  not  be  given  to  the  horses  on  the  road,  but  after  they  have 
arrived  at  the  terminus. 

The  horses  are  carried  in  cattle-cars,  or  if  possible,  in  box-cars, 
which  are  covered.  They  are  provided  with  bars  at  the  doors  to 
prevent  the  horses  from  backing  out  when  the  doors  are  opened, 
liy  taking  care  to  keep  the  horses  quiet,  however,  these  bars  may 
be  dispensed  with.  The  saddles,  &c,  the  valises  of  the  drivers, 
and  the  bags  of  oats,  arc  placed  in  the  baggage  cars,  which  should 
be  provided  with  brakes. 

The  44  material  "  is  carried  on  trucks  or  common  platform 
cars. 

The  command  should  be  at  the  station  at  least  two  hours  be- 
fore starting.  The  horses  should  have  finished  feeding  about  two 
hours  previous  to  their  arrival  at  the  station,  as  they  are  then 
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more  docile.  The  baggage  should  arrive  half  an  hour  before  t:.« 
command,  under  charge  of  an  officer,  and  be  loaded  under  the 
direction  of  the  employes  of  the  road. 

The  cars  should  be  arranged  as  near  as  possible  in  the  follow- 
ing order:  1st,  a  baggage  wagon;  2d,  a  truck  carrying  the 
beams,  platforms,  <fcc,  necessary  in  disembarking ;  3d,  the  hor**> 
cars ;  4th,  the  cars  for  the  men,  one,  at  least,  of  which,  sh^a'-i 
be  provided  with  a  brake ;  5th,  trucks  loaded  with  material ;  rtth. 
baggage  cars  (with  brakes)  loaded  with  saddles,  &c.  Cars  with 
brakes  should  always  be  placed  at  the  head  and  tail  of  the  trails. 

Guards  should  be  detailed  and  so  stationed  on  the  train  a*  tu 
preserve  order  both  when  in  motion  and  during  stoppages.  TLc 
commanding  officer  should  pay  especial  regard  to  the  wishes  »i 
those  having  the  train  in  charge,  and  enforce  an  observance  of  th* 
road  regulations  in  his  command. 

On  arriving  at  the  station,  the  commander  at  once  divide*  hi, 
command  and  material  into  the  portions  to  occupy  the  differed 
cars. 

Horses. — An  officer  is  detailed  to  superintend  the  embarka- 
tion of  the  horses.    He  furnishes  each  car  with  two  bundles 
litter,  and  places  forage  along  the  long  side  of  the  car  opposite*. 
*  the  door.    A  non-commissioned  officer  is  charged  with  loadrar 

the  saddles,  &c. 

The  men  are,  under  an  officer,  formed  into  detachments 
proportional  to  the  importance  of  the  material  to  be  embark  ed. 

In  a  battery,  the  front  and  middle  teams  are  unhitched  and 
assembled,  under  charge  of  a  non-commissioned  officer,  with  the 
saddle  horses,  in  a  convenient  position  near  the  station.  The  car- 
riages are  drawn  up  near  the  cars  by  the  rear  teams,  which  mrt 
then  unhitched  and  placed  near  the  others.  The  horses  are  di  vidvi. 
according  to  the  capacity  of  the  cars,  into  groups,  so  that  thos** 
any  carriage  may  be,  as  much  as  possible,  placed  together. 
several  groups  arc  arranged  in  front  of  the  cars  they  an?  in 
occupy. 

The  saddle  horses  and  near  horses  of  the  teams  are  unsaddlec. 
but  not  unbridled.  In  bad  weather  the  blankets  may  be  placed  or. 
and  secured  with  the  surcingles.  The  harness  is  left  upon  th< 
draft  horses,  and  the  traces,  breeching,  &c,  lashed  to  the  collar 
in  such  a  way  that  the  whole  will  be  fixed  as  compactly  as  ]x«s«£- 
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Me  in  rear  of  the  hnrW  brcaMu.  The  crupper,  breast  ft rap,  prth, 
and  blanket,  arc  placed  together  on  the  rdiahrac  and  wurwl  with 
the  Mireinole.  Tlie  Htirrups  are  tied  together.  The  aaddlct>,  *o 
arranprod.  arc  carried  and  laid  mi  the  p^niml  at  a  degifniated  point 
near  the  lu»^a^vwap»n,  an  are  al*o  the  valises,  «fce.,  of  the 
driven*. 

A*  rooii  an  the  hor*cf  of  the  fii>t  carriage  are  rcadv,  the  officer 
in  charge  of  the  hor>cf  direct*  the  loading  to  commence.  The 
driver  of  the  leading  team,  a*r<Med  by  another  man,  lead*  *ue- 
eef.fi velv  hi*  two  hor>t  *  in,  lowering  their  head*  to  clear  the  top 
of  tlie  door,  and  placing  thern  at  the  right  hand  end  of  the  ear, 
with  their  head*  on  the  nde  * ■< «f>ito  to  the  door.  The  driver  of 
tlie  nvMiid  team,  in  like  manner,  placid  hi*  Imm*  at  the  op|H*ite 
end  of  the  ear.  Tlie  driver  of  the  third  team  place*  in  hi*  horn* 
and  the  Middle  lmr>e  Motiving  to  the  carriage.  Tlie  driver* 
remain  in  the  car.  If  there  are  four  team*  in  plnee  of  three,  and 
the  ear  not  large  enough  to  hold  them,  the  remaining  team  should 

hi-  pl.i  1  in  tlie  next  e.ir.    Should  any  hor-c  n>>t  entering,  the 

ne\t  one  should  he  taken  and  the  refraetorv  nnimal  \t*\  in  imnie 
iliati-ly  l*chind  him.    The  doeile  hor>e*  shmild  »f  much  as  pn^i- 
hle  hr  placed  in  fir*t,  and  mild  mean*  are  em  plover  I  in  preference 
t«>  anv  other  in  inducing  them  to  enter. 

Wle  ii  the  hi't  ie'^-e  enter-,  the  cannoneer*  on  the  outride  place 
in  the  har,  rein»»\e  the  ramp,  and  clo*e  the  door,  after  which  the 
har  i*  removed  and  pu»".»d  to  the  men  inside  the  car.  horn** 
are  tieil  to  the  he. el  bar  with  the  halter  strap,  which  enable*  them 
to  he  unhridhd.  if  the  order -hmild  he  given.  In  thi»  caw,  three 
or  four  bridle*,  are  united,  tied  together  near  the  h<  tu\  Mai I*  hv  the 
nin-  of  one.  and  attached  t..  one  of  the  bur*  of  the  car  near  the 
corner,  by  tlie  kithc  r«-in*.  The  awning  with  which  the  car* 
thoiild  he  provided,  thotild  be  left  up,  utiles  the  Mate  of  the 
we.it!..  r  n'|Uire*  them  to  be  let  down  on  either  -id<-.  When  the 
li  t  e:ir  U  lot  completely  tilled  with  horse*,  thi  v  mii.t  be  kept  in 

pbiee  in  "t  r  two  group*,  by  bar*  placid  aero*  the  car  iu  the 

manner  a*  the  durbar*.    Two  movable  ».-at»  »hould  be 
proxi.leil,  for  ideating  two  of  the  men  left  in  each  enr. 

K-teh  car  of  men  «»r  l...r-  -  i*  placed  in  charge  "f  a  non-cum- 
ini"-..n«d  othVcr,  or  the  ohb  -t  -oldicr  in  it.    Hi*  duty  a*  chief  of 
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the  car  is  to  maintain  good  order,  and  to  see  to  the  execution  of 
all  directions  that  are  given. 

Saddles,  &c. — The  non-commissioned  officer  in  charge  of  the 
saddle  car,  has  the  saddles  loaded  by  placing  one  man  in  the  car, 
who  packs  them  away  as  they  are  handed  to  him,  packed  and  tied 
up  as  directed,  by  another  man  outside.  The  first  saddle  is  placed 
upon  a  bundle  of  straw  with  the  valise  resting  against  the  Bide  of 
the  car ;  the  saddles  of  the  other  teams  belonging  to  the  same  car- 
riage, are  piled  on  top  of  this  in  their  proper  order.  The  saddles 
of  the  other  teams  are  piled  successively  in  the  same  manner,  so 
as  to  form  separate  piles  for  each  carriage.  The  officers'  saddles 
are  placed  on  top  of  the  piles.  The  chief  of  the  car,  with  two 
assistants,  inside  the  car,  takes  a  memorandum  of  the  arrange- 
ment adopted. 

Carriages. — Trucks  are  the  most  convenient  vehicles  for  the 
transportation  of  the  carriages  of  a  battery.  Two  field  carriages, 
one  and  a  half,  or  a  single  one,  can  be  placed  on  one  truck,  accord- 
ing to  its  size. 

The  carriages  are  unlimbered  and  placed,  just  as  they  are,  upon 
the  trucks.  The  following  are  the  principles  which  should  govern 
the  manner  of  loading.  1st.  The  weight  should  be  distributed 
equally  over  the  surface  of  the  truck,  occupying  the  least  6pace 
possible.  2d.  Arrange  the  carriages,  in  such  a  way  that  the  ends 
of  the  tongues  and  the  extra  wheels  6hall  not  project  beyond  the 
edge  of  the  truck;  and  3d.  Consolidate,  by  chocking  and  lashing 
with  great  care  every  part  of  the  load  in  such  a  way  that  the 
whole  is  rendered  perfectly  solid  and  linn  in  position. 

With  trucks  14'  long,  two  are  required  for  every  three  carria- 
ges. They  are  loaded  at  the  end  by  placing  on,  first,  the  rear 
train  with  the  stock  to  the  rear,  and  running  it  forward  until  the 
wheels  strike  the  front  end  of  the  truck,  when  the  stock  is  rested 
on  the  floor.  A  limber  is  then  placed  on  with  the  tongue  to  the 
front  and  raised,  and  run  forward  until  its  wheel  touch  those  of 
the  rear  train  already  in  place  ;  a  second  rear  train  is  now  put  on 
with  the  stock  to  the  front  resting  on  the  floor,  taking  care  not  to 
allow  its  box,  if  it  has  one,  to  touch  that  of  the  limber  in  front  of 
it.  In  like  manner,  a  rear  train  and  limber  are  placed  upon  the 
second  truck.   The  third  limber  is  placed  in  the  rear  with  its 


Digitized  by  Google 


KM  HARKING  CARRIAGES. 


427 


tongue  to  the  front,  and  resting  on  the  floor,  under  the  carriages 
already  on  the  truck. 

With  trucks  17  feet  long,  two  carriages  can  be  placed  on  a 
single  one.  In  this  case,  the  rear  train  is  placed  on  as  before,  but 
the  limber  is  backed  towards  it  till  the  wheels  touch,  or  if  possi- 
ble overlap  those  of  the  rear  train,  and  the  tongue  is  rested  on 
the  floor ;  the  second  limber  is  placed  on  in  the  same  way,  and 
the  second  rear  train  with  its  stock  to  the  front,  resting  on  the 
floor. 

When  these  trucks  arc  so  situated  in  the  depot  that  they  cannot 
be  loaded  from  the  end,  the  carriages  are  first  placed  upon  the  sec- 
ond truck,  from  which  they  are  crossed  to  the  first  on  a  bridge 
communicating  between  the  two,  and  arranged  on  it  as  already  de- 
scribed. The  Bccond  truck  is  loaded  like  the  first,  by  making  use 
of  a  third,  and  so  on.  The  last  truck  is  loaded  as  hereafter 
described,  for  those  which  can  be  loaded  only  at  the  side. 

Trucks  which  can  be  loaded  only  at  the  side,  should  be  at  least 
15  feet  long  to  carry  a  carriage  and  a  half,  and  19  feet  for  two 
carriages.  To  load  the  former,  place  two  rear  trains,  or  a  limber 
and  a  rear  train  successively,  in  position  at  the  ends  of  the  truck, 
as  before  described,  with  the  stock  or  tongue  to  the  rear,  and  rest- 
ing on  the  floor.  Then  introduce  between  these  two  a  limber, 
raising  it  by  hand,  with  the  tongue  up  so  as  to  pass  one  of  its 
wheels  over  the  tongue  and  stocks  of  the  trains  already  iu 
j»osition. 

For  the  trucks  19  feet  long,  the  first  carriage  is  established  at 
one  end  of  the  truck,  as  described  with  the  truck  14  feet  long. 
The  rear  train  of  the  second  carriage  is  placed  iu  the  same  way  at 
the  other  end,  and  its  limber  is  passed  in  by  hand  with  the  tongue 
up,  passing  one  of  its  wheels  over  the  stocks  of  the  rear  trains  to 
get  it  into  its  position. 

In  trucks  less  than  fifteen  feet  long,  which  can  be  loaded  only 
at  the  side,  the  two  parts  of  a  carriage  are  placed,  one  at  each 
end,  the  stock  and  tongue  to  the  rear,  and  then  placed  closer 
together  bv  making  the  wheels  on  one  side  overlap ;  the  stock 
being  on  the  floor,  the  tongue  elevated.  In  some  cases  the  spare 
wheel  is  taken  off,  and  either  laid  flat  on  the  floor  or  leaned 
against  one  of  the  carriages. 

During  the  operation  of  loading,  the  tongues  should  be  held 
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by  a  sling  fixed  at  the  end.  They  are  afterwards  strongly  la^Led 
to  one  of  the  parts  of  the  rear  train  already  on  the  track.  TV 
lunettes  of  the  caisson  stocks,  which  are  provided  with  extra 
tongues,  rest  upon  blocks  high  enough  to  prevent  the  weight 
bearing  upon  the  ends  of  the  tongues,  and  consequently  on  the 
keys  which  hold  them  in  position  in  their  stirrups. 

As  soon  as  a  truck  has  received  its  load,  the  wheels  of  tlie  dif- 
ferent trains  are  locked  together  with  cord  from  .5  to  .6  inch  m 
diameter,  chocks  arc  placed  under  the  wheels  and  nailed  to  tin 
floor,  and  the  stability  of  the  whole  secured  by  tying  the  carriage 
to  the  rings  of  the  truck.  Straw  ropes,  or  other  means,  are  made 
use  of  to  prevent  friction  between  the  parts. 

Tue  Men. — The  men,  with  their  knapsacks  and  side-arms,  are 
divided,  under  the  superintendence  of  an  officer,  into  portion* 
corresponding  to  the  capacity  of  the  cars.  Each  division  is  con- 
ducted promptly  to  the  car  it  is  to  occupy,  the  men  entering  fir?t 
going  to  the  end  farthest  from  the  door,  and  so  on.  They  sea; 
themselves,  holding  their  arms  between  their  legs,  the  stock  or 
scabbard  resting  on  the  floor.  Fire-arms  should  never  be  laid  «.n 
the  seats  or  stood  in  corners,  except  when  leaving  the  cars  at  the 
principal  stopping  places  and  stations. 

Numbering. — The  commanding  officer  should  cause  each  car 
to  be  marked  in  chalk,  with  the  number  of  the  piece  to  which  tit 
men,  horses,  and  baggage  occupying  it,  belong. 

Inspecting. — Immediately  before  starting,  the  commanding 
officer  and  conductor  of  the  train  inspect  the  cars  to  ascertain 
that  every  thing  is  in  order.  They  should  see  that  the  coupling 
of  the  cars  containing  the  44  material "  arc  short  enough  to  insure 
the  contact  of  the  buffers. 

The  officers  then  enter  the  car  assigned  them. 

Regulations. — The  command  being  all  aboard,  the  men  are 
strictly  prohibited  putting  their  heads  or  arms  out  of  the  cat 
while  it  is  in  motion  ;  passing  from  one  car  to  another :  uttering 
loud  cries  of  any  kind  ;  and  from  leaving  the  cars  at  the  staik»n 
before  the  signal  for  doing  so  is  given. 

The  men  with  the  horses,  keep  them  from  putting  their  head* 
outside  the  car.  They  feed  them  with  hay  from  the  hand,  unr;I 
they  get  used  to  the  motion,  hold  them  by  the  bridle  or  halter,  and 
quiet  their  fears  whilst  the  locomotive  is  whistling.    In  ca#e  ot* 
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any  accident,  they  make  a  signal  outside  the  car,  by  waving  a 
hand  kerchief. 

If  at  any  station  the  commander  deems  it  necessary  for  the 
men  to  leave  the  cars,  after  the  time  indicated  by  the  conductor, 
he  informs  the  officers  of  the  length  of  the  halt.  The  officers 
remain  in  the  vicinity  of  the  cars  containing  their  men,  in  order 
to  direct  and  govern  their  movements.  The  guard  posts  sentinels 
wherever  it  is  necessary,  especially  at  the  doors,  to  prevent  the 
men  from  gathering  near  or  opening  them. 

At  a  given  signal  on  the  bugle,  the  men  leave  the  cars  in 
order,  and  without  6ide-anns.  The  men  in  the  horse-cars  get  out 
over  the  side.  If  it  becomes  necessary  to  open  the  doors  of  these 
cars,  the  door-bars  are  first  placed  in  position. 

About  the  middle  of  the  trip,  as  near  as  possible,  the  police- 
guard  and  men  with  the  horses,  are  relieved.  At  each  halt  of 
more  than  ten  minutes,  the  commander,  or  some  other  officer,  and 
the  conductor,  inspect  the  cars,  and  especially  those  which  carry 
the  ammunition  wagons. 

Five  minutes  before  starting,  a  bugle-call  gives  the  signal  for 
entering  the  cars.  At  the  station  immediately  preceding  the  ter- 
minus, the  horses  are  bridled,  and  the  forage  is  collected  and 
formed  into  one  bundle  for  each  car. 

During  feeding  time  there  should  be  at  least  one  man  to  every 
two  horse-cars.  In  general,  oats  should  be  distributed  only  after 
the  horses  leave  the  cars.  Hay  is  fed  by  hand  by  the  drivers 
whilst  the  train  is  in  motion.  In  ordinary  weather,  the  horses 
are  watered  only  when  the  trip  exceeds  twelve  hours;  and  even 
in  this  ca<e  they  need  but  little,  and  a  single  ordinary-sized  pail- 
ful suffices  for  two  horses. 

UxroAniNo. — On  arriving  at  the  terminus,  the  officers  leave 
the  cars  first,  and  a  bugle-call  gives  the  signal  for  the  men.  The 
officers  assemble  the  cannoneers,  with  their  knapsacks  and  side- 
arms  «»n,  and  form  them  into  detachments  according  to  the  num- 
ber and  position  of  the  discharging  points. 

The  officer  who  superintended  the  embarkation  of  the  horses, 
assembles  the  drivers,  and  if  necessary,  some  of  the  cannoneers, 
and  marches  them  to  the  point  where  the  horses  are  to  be  dis- 
charged. 

To  prevent  accidents,  it  is  well  to  provide  one  or  several  mov- 
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able  bridges  for  discharging  tbe  horses,  which  are  carried  on  the 
train.  They  are  about  sixteen  feet  long,  a  little  wider  than  tlrf 
car  door,  and  are  provided  with  hand-rails  or  ropes,  movaUe 
at  will.  The  bridge  is  supported  at  its  upper  extremity  by  a 
movable  horse  of  a  height  corresponding  to  the  sill  of  the  d«*«r. 
and  the  care  are  unloaded  by  passing  them  in  succession  in  front 
of  this  bridge.  The  horse  may  be  suppressed  by  fixing  to  \ut 
forepart  of  the  bridge  two  strong  flanges  of  iron  which  rest  uj*>a 
the  floor  of  the  car,  and  the  bridge  is  applied  in  succession  to  eicli 
of  the  cars  to  be  unloaded. 

The  non-commissioned  officers  in  charge  of  the  freight  cai*. 
immediately  on  arriving  at  the  station,  have  the  harness  unloaded 
and  placed  in  portions  as  originally  divided  in  the  cars.  The  mate- 
rial  is  discharged  by  the  inverse  means  used  to  load  it.  As  soon 
as  the  horse-cars  reach  the  proper  position,  the  men  fix  the  mov- 
able bridges,  open  the  doors,  and  bring  the  horses  out  in  the  in- 
verse order  in  which  they  entered.  If  the  horses  have  to  be  taken 
out  of  the  same  door  they  entered,  the  first  two  are  backed  out, 
and  the  rest  follow  after  making  a  half  turn.  As  soon  as  a  rv.ir 
team  is  disengaged  it  is  taken  to  the  place  where  the  harness 
deposited,  and  harnessed  to  a  carriage  which  is  conducted  to  the 
park,  where  the  harnessing  is  completed. 
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CHAPTER  XIII. 


OX    THE    ATTACK  AND  DEFENSE  OF  FORTIFIED 

PLACES. 


Sikcks. — Tlio  siege  of  fortified  places  has  always  consisted  in 
destroying  the  defenses  from  a  distance,  hy  means  of  large  pro- 
jectile machines,  and  effecting  a  breach  in  the  wall  for  the  pur- 
jh>sc  of  entering  the  place. 

In  the  early  days  of  artillery,  when  defensive  walls  were  verv 
high,  they  were  battered  in  breach  with  etonc  balls  from  12  to  25 
im  hes  in  diameter,  after  which  the  ditch  was  filled  up  and  the 
place  stormed.  Mention  is  made  of  such  balls  at  the  siege  of 
Metz,  in  the  latter  part  of  the  fourteenth  century. 

The  walls  having  been  lessened  in  height,  and  supported 
behind  with  an  earthen  embankment,  it  was  no  longer  possible  to 
form  the  breach  from  a  distance,  and  the  use  of  stone  balls  having 
been  abandoned,  mines  were  resorted  to  for  the  purpose  of  blowing 
down  the  walls. 

Cast-iron  balls  then  coming  into  use,  they  were  employed  to 
make  cuts  in  the  masonry,  instead  of  battering  it  down  as  formerly. 
Tins  method,  first  invented  by  the  Turks,  was  improved  by  Van- 
ban,  whose  experience  showed  him  that  the  breaches  so  formed 
were  more  regular  and  made  more  rapidly  than  by  the  use  of 
mines. 

l"p  to  that  period,  the  fire  of  the  artillery,  directed  upon  the 
pieces  of  the  besieged  and  the  interior  edifices,  expended  its  effect 
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more  upon  the  inclosed  cities  than  upon  the  fortifications  surround 
ing  them.  The  ricochet  fire  was  employed  with  full  effect  at  this 
time  in  dismounting  the  enemy's  pieces ;  and  the  war  of  sieges 
was  carried  to  the  highest  perfection  under  its  illustrioai 
founder. 

A  besieging  army  is  generally  divided  into  two  corps,  one 
charged  with  the  siege,  the  other  with  holding  the  surrounding 
country,  for  a  short  distance  from  the  place.  Sometime*  the 
besieging  army  is  covered  by  a  corps  of  observation,  in  which 
case  there  is  no  necessity  for  its  being  so  numerous  as  when  it 
acts  alone. 

The  artillery  necessary  for  the  attack  of  a  place  constitutes 
what  is  called  a  siege  equipage  or  train.  The  strength  of  it 
depends  upon  the  importance  of  the  place  to  be  attacked  and  the 
resources  at  hand.  For  besieging  the  strongest  places,  the  French 
prescribe  an  equipage  of— 

40  24-pd.  guns.  15  22*  mortars  (S.78  in.). 

40  16  u  (U.  S.  18).  12  stone  mortars. 

40  22*  howitzers  (8.78  in,).   12  15*  mortars  (5.95  in.),  and 

15  27*  mortars  (10.79  in.).    60  rampart  muskets. 
A  double  attack  would  require  about  200  cannon.   The  large*: 
guns  and  howitzers,  and  smallest  mortars,  are  provided  with  about 
1,000  rounds  of  ammunition  each.   The  large  mortars  with  750 
rounds,  and  the  stone  mortars  with  500  rounds. 

In  this  country,  where  the  permanent  works  are  so  different 
from  those  in  Europe,  it  is  difficult  to  lay  down  any  positive  rule* 
for  the  formation  of  siege  equipages.  The  number  and  kind  of 
pieces  must  be  determined  by  the  circumstances  of  each  case, 
taking  into  consideration  the  strength,  position,  and  condition  uf 
the  place  to  be  attacked.  For  the  general  principles  on  which 
estimates  for  a  siege  train  are  made,  sec  Ordnance  Manual,  pp. 
332-3. 

An  army,  no  matter  how  large,  seldom  carries  along  with  it 
all  the  necessary  means  for  a  siege ;  and  when  fortified  place* 
obstruct  the  march,  the  attack  is  carried  on  with  such  pieces  as 
can  be  obtained  from  the  adjacent  places  in  our  possession;  and 
generally  the  means  made  use  of  at  sieges  is  far  below  the  esti- 
mate which  would  be  made  were  everything  to  be  had  close  at 
hand. 
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Permanent  works  can  be  reduced  only  by  the  heaviest  siege 
pieces,  such  as  18  and  24-pd.  guns,  8-in.  howitzers  and  mortars. 
The  amount  of  ammunition  will  of  course  vary  according  to  cir- 
cumstances. If  possible,  the  18  and  24-pdrs.  should  be  furnished 
with  1,000  rounds  ;  the  12-pdrs.  with  a  greater  number.  The  8-in. 
howitzers  and  mortars  with  800,  and  the  coehorn  and  10-in.  mortars 
with  600.  Each  gun  should  bo  provided,  in  addition,  with  50 
rounds  of  grape  and  canister,  and  100  of  spherical-case  shot. 

Military  Rkconnoissan'cks. — On  approaching  a  fortified  place 
during  a  march,  or  in  endeavoring  to  ascertain  the  position  and 
force  of  the  enemy,  the  resources  of  the  country,  «fcc,  frequent 
^  reconnoissances  have  to  bo  made.  These  are  of  three  different 
kinds: 

1st.  The  daily  reconnoissances  necessary  for  the  safety  of  the 
camps,  posts,  &c.  Their  object  is  to  discover  the  movements 
and  preparations  of  the  enemy  and  the  disposition  of  his  advanced 
posts.  They  are  made  by  small  detachments,  and  by  patrols 
from  the  main  guard.  They  should  not  be  made  at  the  same 
hour  every  day,  nor  by  the  same  routes. 

2d.  Special  reconnoissances  designed  to  ascertain, — the  topo- 
graphy of  the  country,  and  the  means  which  it  can  furnish  for 
attack  and  defenso ;  the  position  of  the  enemy,  and  his  strength 
at  different  points ;  and  in  fine,  to  furnish  the  information  neces- 
sary for  the  determination  of  the  method  of  operating,  moving 
the  different  columns,  &c.  These  reconnoissances  are  conducted 
in  accordance  with  instructions  from  the  general-in-chief,  the 
commanders  of  separate  corps,  divisions,  «fcc. 

3d.  Offensive  reconnoissances,  which  ordinarily  should  be 
ordered  only  by  the  general-in-chief;  for  the  purpose  of  ascer- 
taining as  accurately  as  possible,  the  jK>eition  ami  strength  of  the 
enemy. 

The  result  of  every  reconnoissanec  should  be  presented  in  a 
clear,  simple,  and  positive  report.  The  officer  making  it,  must 
expressly  distinguish  between  what  he  has  seen  himself,  and  what 
he  has  learned  from  others  without  being  able  himself  to  verify 
the  accuracy  of  it.  He  adds  to  the  report,  the  drawings  neces- 
sary to  represent  the  ground,  the  positions  of  the  enemy,  &c. 

Troops  making  a  reconnoissance,  the  object  of  which  is  simply  , 
to  sec  and  observe,  should  not  become  com] >rotniscd  or  even  6een; 
they  should  move  with  precaution,  have  an  advance-guard  and 
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scouts  out,  and  become  engaged  only  when  forced  to  it.  in  onlff 
to  make  prisoners  when  there  is  no  other  means  of  obtaining  ii>- 
formation,  or  when  they  encounter  the  enemy  marching  agtiwi 
their  camp;  in  which  case  they  give  warning  by  preconcerted 
nals,  such  as  a  burning  hay-stack,  bonfires,  &c. 

To  examine  an  enemy,  choose  the  morning,  when  everythinr 
in  his  camp  is  in  motion ;  observe  the  camp  fires,  the  defend*? 
works,  the  position  of  the  parks,  cavalry,  <fcc.  Take  np  a  pontile 
on  the  flank  of  his  colnmn,  and  count  the  number  of  his  battalion-, 
squadrons,  and  batteries ;  note  the  6pace  which  they  occupy,  tL* 
time  they  take  to  march  past,  and  the  order  of  march. 

For  the  topography,  establish  in  advance,  from  the  majw  o: 
the  country,  rough  sketches  upon  a  scale  large  enough  to  be  abl" 
to  figure  in  details  at  6ight,  and  to  delineate  various  distance 
and  differences  of  level.  Telescopes  and  compasses  should  U 
carried  along  with  the  party,  which  should  also  be  furnished  wizl 
good  guides. 

In  making  a  reconnoissance  without  instruments,  the  snrver 
is,  of  course,  much  less  exact  than  when  they  are  used.  The  d:-~ 
tances  are  often  measured  by  the  pace,  and  many  details  inserts: 
in  the  sketch,  estimated  simply  by  the  eye. 

A  rough  sketch  is  first  made  from  the  maps  of  the  country 
If  the  ground  is  open,  a  high  level  position  is  chosen,  from  whi»*r 
a  great  extent  of  country  can  be  viewed ;  when  practicable  dLr 
tances  are  measured  with  the  chain,  large  triangles  are  formed  \r 
6uch  a  way  as  to  obtain  points  near  the  center  of  the  sketch,  ar-: 
these  points  are  afterwards  made  use  of  to  form  smaller  triangle 
by  intersections,  offsets,  »fcc.  The  intermediate  details  are  inserts 
from  the  step  and  the  eye. 

In  a  wooded  country,  the  method  of  examining  with  the  cy-> 
and  6tep  is  often  the  only  practicable  way  of  making  the  anrvey 
To  lessen  the  errors  as  much  as  possible,  the  principal  lines  «  * 
direction  should  be  determined  with  care,  as  well  as  the  points  m 
which  they  intersect,  and  the  sides  of  the  inclosing  perimeter  mul 
tiplied  with  the  compass,  so  as  to  verify  the  result. 

The  configuration  of  the  ground  is  of  essential  importance  In 
a  military  reconnoissance,  in  order  to  determine  a  proj>erdistril>u 
tion  and  employment  of  the  different  arms,  and  the  positions  f .  * 
batteries,  from  a  knowledge  of  the  inclination  of  the  sIojkjs,  ih^ 
height  of  the  hills,  &c. 
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The  principles  laid  down  for  making  a  regular  survey  should 
lie  followed  as  much  as  possible,  in  forming  the  map.  If  pressed 
for  time,  the  conventional  tints  may  he  replaced  by  initial  letters. 
Paths  are  represented  by  a  single  line,  which  should  always  be 
of  the  same  size,  and  the  thickness  proportional  to  their  import- 
ance. Roads  are  represented  by  two  lines.  Streams,  which  can 
be  represented  only  by  a  single  line,  are  marked  in  blue,  which  is 
increased  in  width,  as  the  distance  from  the  source  increases. 

When  a  more  accurate  survey  is  to  be  made,  the  position  of 
the  points,  heights,  distances,  *fcc ,  are  determined  by  ordinary 
surveying  instruments,  and  the  details  arc  inserted  in  the  map  (of 
which  a  rough  sketch  is  made  as  before),  after  personal  observa- 
tion. 

If  no  maps  or  instruments  for  making  the  first  sketch  are  at 
hand,  a  plane-table  may  be  made  with  paste-board,  or  a  plank, 
and  used  to  determine  the  position  of  the  most  remarkable  points. 
If  these  cannot  be  made,  construct  the  sketch  by  triangles  meas- 
ured by  the  pace  and  by  alignment. 

A  reeonnoissance  the  object  of  which  is  to  present  a  plan  for 
occupying  a  position  with  fortified  works,  embraces,  in  general,  a 
square  surface  of  from  4,000  to  f>,500  yards  on  a  side. 

A  point  is  chosen  near  the  center  of  the  ground  to  be  surveyed, 
which  can  be  readily  seen  at  a  distance.  Between  this  point  and 
the  limits  of  the  survey,  some  6  or  7  intermediate  points  are 
established,  so  that  from  each  of  them,  the  one  on  each  side,  as 
well  as  the  central  one,  can  be  seen.  There  is  thus  formed  a  series 
of  triangles  around  the  central  point,  their  bases  constituting  a 
circumscribing  jwlygon.  One  of  these  bases  is  measured,  either 
by  the  chain  or  in  paces,  and  the  bearings  of  the  different  triangles 
are  taken  with  a  compass. 

Observe  with  a  theodolite,  or  in  the  absence  of  one,  with  a 
sextant,*  the  inclination  of  the  lines  passing  through  the  central 


•  The  French  have  a  liniple  little  inatrumeut.  rolled  the  iWtWio*  Urel.  or  ielimttrt. 
(•r  determining  angle*  in  the  field.  It  rotiM*U  of  two  equal  leg*.  A  Tand  B  C(nvt  figure 
next  page),  krpt  apart  by  •  metal  are,  graduated  in  degree*  in  both  direction*  from  the 
middle  point  From  the  point  (',  which  in  the  center  of  the  air,  ■  movable  limb  it 
MMpended.  forni»bed  at  the  lower  end  w  ith  a  vernier,  by  the  aid  of  which  the  ruinutr* 
are  rrad.    On  thU  lliiib,  and  |K«rpendicular  to  it,  it  fixed  a  small  apirit  level,  e /,  and 
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point,  and  through  those  to  the  right  and  left.  As  the  leo^tb  i 
these  lines  are  known  from  the  construction  of  the  polygon,  ealcj 
late  the  difference  of  level  between  the  different  points,  and  the. 
results  will  verify  each  other. 

The  ground  is  then  divided  into  sectors,  which  are  surveyed 
in  detail,  the  sides  of  the  polygon  serving  as  bases. 

A  sufficiently  extended  sketch,  often  accurate  enough  f-r 
military  purposes,  may  be  obtained  in  the  following  manner. 
Ascertain  from  the  inhabitants  of  the  country,  the  direction 
the  roads,  rivers,  and  canals ;  the  distances  between  towns,  aa<i 
to  remarkable  points,  such  as  bridges,  cross-roads,  «fcc.  Prq-aw 
in  this  way,  the  first  rough  draught,  and  correct  it  by  mean*  <•:' 
the  information  which  all  foraging  or  scouting  parties  aredfrwt*: 
to  collect. 

Among  the  methods  employed  to  represent  the  configurator 
of  a  country,  the  one  most  used,  consists  in  tracing  upon  tb? 
ground,  level  curves,  and  delineating  upon  the  map  the  proj*> 
tions  of  their  rectangular  paths,  or  lints  of  greatest  inclinatum. 

If  we  determine  the  uniform  distance  between  the  curve*.  ■ 
the  scale  of  the  plan  in  such  a  way  that  it  be  represented  by  .04  ii , 
the  length  of  the  normal  lines  for  a  slope  of  45°  will  be  .04  in.,  a^ ; 


equal  divisions  traced  on  each  side  of  the  central  point 
for  adjusting  the  position  of  the  bubble. 

The  instrument  is  made  in  such  a  way  that  the  limb 
marks  zero,  when  the  base,  A  B,  is  horizontal,  and  the 
bubble  in  the  center.    To  test  its  accuracy,  the  instru- 
ment is  reversed  in  position.    If  the  line  A  B  is  not  hor- 
izontal, and  the  bubble  is  brought  to  the  central  position, 
the  instrument  will  give  a  certain  reading,  say  8*,  which 
should  be  the  same  on  reversing  it,  if  it  is  constructed  properly.    Suppose  it  U  et<(  > 
constructed,  and  in  the  reversed  position  it  gives  a  reading  of  1^ :  we  conclude  fr<c 
this,  that  the  sum  of  the  two,  3°  + 1°,  is  double  the  inclination  of  A  B,  since  in  l*«h  j. 
sitions,  the  limb  has  taken  the  same  direction  in  regard  to  the  vertical.    The  irvc>-; 
tion  is  then  2"  on  the  side  of  the  first  reading  made.    To  facilitate  the  u*e  of  th> 
instrument,  it  may  be  mounted  on  a  tripod,  by  the  aid  of  a  ball  and  socket,  tb: 
allows  it  to  turn,  and  on  the  feet,  A  and  B,  two  sighting  vanes  are  fixed,  to  look  Lhrvsc*. 
when  getting  the  inclination.    The  instrument  first  used,  had  a  graduated  bar  •cr*-- 
instead  of  the  arc,  and  a  plumb-line  in  place  of  the  limb  and  vernier,  and  the  rm<  i- 
scTibed  has  since  been  much  improved  and  perfected,  by  adapting  a  telescope  p.  tt  ■ 
edge  of  a  compass,  with  a  vertical  Umb  graduated  to  indicate  the  different  lncllnat>  - - 
of  the  telescope. 
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for  one  of  2°,  1.28  in.,  these  being  the  extreme  slopes  so  repre- 
sented. The  normal  lines  are  placed  a  distance  apart,  equal  to  J 
their  length.  If  the  ground  to  be  represented  lias  no  very  steep 
slopes,  a  better  effect  is  produced  by  reducing  the  distance  be- 
tween tlie  curves  £  (.02  in.) ;  and  when  very  abrupt  ground  is 
met  with,  as  the  relation  between  the  length  of  the  normals  and 
the  spaces  between  them  can  no  longer  bo  observed,  the  lines  are 
made  a  little  thicker. 

The  most  important  slopes  to  be  indicated  on  a  map,  are : 

1st.  Those  of  60°,  which  are  inaccessible  to  men,  and  have  a 
base  of  4  to  a  height  of  7  units. 

2d.  Those  of  45°,  which  are  difficult  for  men,  and  have  a  base 
of  1  to  a  height  of  1. 

3d.  Those  of  30°,  which  are  inaccessible  to  horses,  and  have  a 
base  of  7  to  a  height  of  4. 

4th.  Those  of  15°,  easy  accessible  for  carriages,  and  have  a 
base  of  12  to  a  height  of  1. 

The-  maximum  inclination  assumed  by  falling  earth,  in  a 
mountainous  country,  is  a  slope  of  100  base  to  a  height  of  71. 

AVhen  great  aceuracy  is  necessary  in  representing  the  form  of 
ground,  the  horizontal  curves  are  traced  with  a  spirit-level  from 
yard  to  yard,  or  every  two  yards,  each  point  being  marked  with 
a  picket,  and  the  ground  afterwards  surveyed  with  a  plane-table 
or  compass. 

In  ordinary  surveys,  the  horizontal  curves  arc  determined 
with  tolerable  accuracy,  by  establishing  a  point  at  every  five 
yards.  For  this  purpose,  suppose  sections  along  the  lines  of 
greatest  inclination  to  be  made  in  the  ground,  and  mark  on  the 
map  the  projection  of  several  portions  of  these  lines.  Then 
measure  with  a  sextant,  or  other  instrument,  the  angles  which 
these  parts  make  with  the  horizontal.  The  angles  and  the 
projections  being  known,  the  height  of  the  lines  are  deduced 
by  making  use  of  or  table  or  particular  scale.  These  projec- 
tions are  afterwards  divided  on  the  map,  in  such  a  manner  that 
the  point*  belonging  to  the  horizontal  curves  are  the  desired  dis- 
tance apart. 

The  shading  lines  are  made  with  a  pen,  in  India  ink.  Masonry 
constructions  are  traced  in  red.  Roads,  paths,  dikes,  wooden 
bridges,  isolated  trees,  wooden  wind-mills,  batteries,  and  entrench- 
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ments,  in  India  ink.  The  different  kinds  of  soil  and  cultivated 
ground,  masses  of  houses,  and  water,  are  represented  by  conven- 
tional tints.  The  colors  employed  are,  India  ink,  carmine,  gam- 
boge, indigo,  and  sepia.  Masonry  constructions  are  colored  in 
carmine ;  rivers  and  streams,  in  blue ;  forests,  in  yellow,  merging 
on  a  green,  composed  of  gamboge  and  a  very  little  indigo — the 
wet  portions  filled  in  with  blue,  like  water ;  meadows  in  green, 
composed  of  indigo  and  gamboge.  Marshy  meadows  are  repre- 
sented by  breaking  up  the  green,  and  filling  in  the  open  portions 
with  a  blue  tint  like  water.  Orchards  have  the  same  tint  as 
meadows,  and  are  regularly  dotted  over  to  represent  the  trees. 
Heath  is  made  of  a  lighter  blue  than  meadow  land,  and  slightly 
diversified  with  red  on  another  brush.  Marshes  are  tinted  like 
meadows,  but  with  the  wet  portions  filled  in  with  blue.  Untilled 
ground  with  a  lighter  blue  than  meadows,  and  slightly  diversified 
with  a  color  formed  of  gamboge  and  a  little  carmine,  like  sand. 
Vineyards  with  a  violet  color  made  of  Indian  ink,  carmine,  and 
indigo.  Sand,  with  gamboge  and  a  little  carmine.  Lines  of 
troops  are  represented  by  short  parallel  lines  filled  in  with  blue. 

The  writing  on  the  map  is  made  in  Indian  ink.  The  altitude 
figures,  the  names  of  towns,  cities,  and  dwellings,  are  written 
alongside,  upon  perpendiculars  to  the  meridian,  the  north  being 
placed  above  ;  those  of  rivers,  streams,  roads,  and  canals  parallel 
to  the  directions  in  which  these  run.  The  roads  going  beyond  the 
limits  of  the  survey  should  be  marked  with  the  largest  place  to 
which  they  lead. 

The  names- of  cities  are  put  in  in  upright  capitals;  those  of 
market-towns  in  inclined  capitals ;  wooden  villages,  in  upright 
roman  ;  hamlets  and  marshes  in  inclined  roman  ;  citadels,  large 
rivers,  and  canals,  in  small  inclined  capitals ;  forts,  small  rivers, 
ponds,  castles,  and  roads,  in  6mall  upright  roman  capitals ;  min- 
eral springs  in  italics;  and  farms,  inns,  manufactories,  mills, 
paths,  and  small  streams,  in  small  italics. 

In  the  field,  if  there  is  not  time  to  form  a  topographical  map, 
with  pen-shading,  «fcc,  the  ground  may  be  figured  with  the  stump 
or  pencil,  deeper  tints  being  employed  where  the  slopes  are  more 
rapid. 

The  principal  mountain-chains  which  serve  as  a  defense  to 
a  district  of  country  should  be  distinctly  marked,  as  well  as  the 
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different  brandies  which  defend  or  favor  the  access  to  it.  Note 
their  direction  with  the  compass,  as  also  the  relative  heights  of 
the  different  parts,  if  they  are  sufficiently  extended  to  enable  a 
plan  of  defense  to  be  formed.  Observe  the  communications  to 
be  preserved,  the  roads  to  be  destroyed,  and  any  other  means  of 
annoying  the  enemy  ;  the  proper  positions  for  camps  or  entrench- 
ments ;  the  slopes,  forests,  rocks,  &c. 

A  mountainous  or  hilly  country,  partly  wooded,  partly  culti- 
vated, is  the  most  difficult  to  reconnoitre  well.  Commence,  as 
much  as  possible,  at  the  most  elevated  portions.  Mark  the  com- 
mencement of  the  slopes ;  examine  the  ravines,  water-courses, 
roads,  and  pathways.  See  if  it  is  necessary  to  establish  bridges, 
and  if  columns  can  follow  the  bottom  of  the  valleys  or  the  crest 
of  the  hills.  Inspect  the  streams,  as  is  directed  in  Chap.  XIV  ; 
and  canals  in  the  same  way,  giving  the  communications  which 
they  establish,  a  description  of  the  lockage,  &c. 

Give  the  position  of  springs  and  cisterns;  the  quality  and 
quantity  of  water,  <kc. 

The  position,  use,  dimensions,  construction,  and  solidity  of  all 
bridges  should  be  given  ;  the  approaches,  and  water-way  ;  the 
streets  leading  into  towns  and  cities  ;  the  nature  of  the  country  in 
front  of  them  ;  the  means  of  fortifying  them  ;  of  destroying  them ; 
of  re-establishing  a  passage  with  the  most  advantage,  regard  be- 
ing paid  to  the  nature  of  the  brooks,  the  current,  width,  embank- 
ment, fords,  and  communications. 

Of  ponds,  marshes,  &<\,  mention  whether  they  are  formed 
from  springs,  from  inundations,  or  simply  from  wet  ground  ;  the 
best  means  of  crossing  them  ;  at  what  seasons  it  is  practicable  to 
pass  them,  and  with  what  kind  of  troops,  whether  they  are  un- 
healthy or  covered  with  fogs.  If  there  are  causeways,  state  how 
they  can  be  repaired  ;  if  not,  how  they  can  be  made,  and  how  de- 
fended. Sound  the  depth  of  any  wagon-tracks.  Prairies  on 
which  the  grass  is  high  and  thick,  or  on  which  patches  of  yellow- 
ish-green moss  occur,  should  be  carefully  examined,  for  in  spite 
of  their  appearance,  they  are  often  impracticable  even  for  infantry. 
Examine  the  ground  around  them. 

Take  the  depth,  extent,  and  level  to  which  the  water  can  be 
kept  in  inundations ;  the  time  required  to  raise  the  water  to  a 
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given  level ;  the  working  of  the  sluices,  the  means  of  taking  pos- 
session of,  or  defending  them  ;  of  opening  or  closing  them. 

On  a  coast,  examine  the  shore,  cliffs,  rock,  <fcc,  which  may 
make  an  approach  more  or  less  dangerous  or  quite  impossible ; 
extended  and  open  portions,  fit  for  making  a  landing ;  batteries  and 
intrenchments  established  to  defend  the  anchorages,  channels,  and 
accessible  points,  or  positions  where  they  may  be  placed  in  case 
of  necessity.  The  adjacent  islands  which  may  be  made  use  of  for 
advanced  works ;  the  rise  and  fall  of  the  tides,  which  affect  more 
or  less  the  approaches  to  the  different  points,  and  the  variations 
which  they  produce  in  the  course  of  rivers ;  and  the  means  of 
passing  them  ;  the  low-water  marks;  the  creeks,  bays,  roadsteads, 
and  ports ;  their  advantages  and  inconveniences  ;  the  size  of  ves- 
sels they  are  capable  of  receiving,  and  the  winds  required  to  enter 
and  leave  them  ;  the  positions  for  camps,  and  the  posts  capable  of 
covering  the  principal  establishments  in  the  interior  of  the  coun- 
try. Notice  every  thing  characteristic  of  the  accessible  places ; 
existing  obstacles,  and  those  which  can  be  added  to  defend  the 
approaches  to  them.  State  the  condition  of  the  forts,  batteries, 
guards,  and  material.  Analyze  the  system  of  defense  adopted, 
and  propose  modifications,  if  necessary.  Estimate  the  force 
which  can  be  raised,  in  an  emergency,  either  from  the  troops  or 
the  inhabitants,  whilst  waiting  for  the  arrival  of  the  regular 
troops  at  the  point  of  attack. 

In  reconnoitering  a  wood  or  forest,  state  its  position,  extent, 
and  thickness,  as  well  as  the  height  of  the  trees  and  undergrowth  ; 
the  gaps  existing  between  masses  of  the  trees ;  their  width ; 
whether  the  trees  on  the  right  or  left  form  a  thicket,  and  whether 
they  can  be  burned.  The  nature  of  the  soil,  the  surrounding 
ground,  &c. ;  the  communications,  the  means  of  establishing,  and 
their  direction,  in  order  that  they  shall  not  be  taken  in  flank  ;  the 
means  of  forming  abattis.  Go  around  the  forest,  noting  the  roads, 
streams,  and  ravines  which  lead  to  it,  following  them  to  their 
heads  when  not  too  long. 

The  kind,  quantity,  «fcc,  of  heath,  underwood,  and  hedge, 
should  be  stated.  Tall  heath  is  usually  practicable ;  low  heath 
often  marshy.    Low  and  thick  hedges  form  a  very  good  defense. 

Roads  are  surveyed  either  by  the  compass  or  the  eye,  and 
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their  direction  noted,  as  also  the  width,  whether  variable  or  con- 
stant. State  whether  railroads,  paved  or  well-beaten,  and  if  bor- 
dered by  trees,  hedges,  or  ditches ;  distances  between  the  principal 
places,  the  ascents  and  descents,  and  estimate  the  time  of  march- 
ing them  in  hours ;  whether  constantly  practicable,  or  so  only 
according  to  the  weather  and  season.  The  country,  streams,  and 
towus  along  the  road  ;  the  roads  which  cross  it  and  where  they 
lead.  Heights  which  command  them  ;  whether  in  curves  or  zig- 
zags crossing  mountains.  How  formed,  whether  by  excavation 
or  embankment,  and  the  length  of  the  former;  the  dangerous 
points;  repairs  necessary  for  the  passage  of  artillery.  The  width 
of  the  track,  more  especially  in  sunken  roads,  which  should  be 
avoided  as  much  as  possible,  or  filled  up.  An  accident  to  a 
single  carriage  on  such  a  road  might  stop  a  whole  column.  If 
but  a  single  road  exists  in  one  direction,  see  if  it  is  possible  to 
open  lateral  ones  for  other  columns.  Trace  the  routes  of  these 
columns.  Do  not  neglect  the  pathways  or  unfrequented  roads, 
reported  by  the  country  people  as  impracticable,  as  they  may 
often  be  repaired  with  little  labor. 

Examine  passes,  as  to  their  being  practicable  for  infantry,  cav- 
alry, and  wagons ;  the  communications  between  them  ;  and  if 
connected  by  the  crests  of  the  intervening  hills;  the  means  of 
guarding  them ;  the  time  necessary  to  reach  the  summit  by  the 
established  roads ;  the  possibility  of  opening  new  routes. 

In  defiles,  state  the  width  and  length  of  the  gorge  ;  positions 
to  be  occupied  to  protect  a  forward  movement  or  cover  a  retreat. 
The  nature  of  the  ground  at  the  entrance,  and  the  troops  which 
can  be  advantageously  employed  there  in  battle. 

In  forts,  castles,  and  citadels,  give  their  position  and  extent; 
their  object,  and  the  works  connected  with  them.  The  protec- 
tion which  they  afford  to  a  city  or  the  country.  The  obstacles  or 
support  offered  by  them  to  an  enemy.  The  nature  and  condition 
of  the  fortification ;  whether  ancient  or  modern,  permanent  or 
temporary  ;  of  great  or  small  relief ;  revetted,  wholly  or  in  part ; 
of  masonry,  brick,  sod,  or  natural.  The  mines  and  galleries; 
surrounding  grounds  ;  the  defense  capable  of  being  sustaiued  by 
the  works  themselves,  and  thoso  which  may  be  added.  The 
proper  points  of  attack  to  be  chosen. 

For  fortified  cities,  state  their  relation  with  each  other,  and 
29 
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with  reference  to  the  movements  of  armies.  The  positions  of  the 
l6t,  2d,  lines,  <fcc.  Succors  which  they  can  give  or  receive. 
Means  of  directing  these  succors  according  to  the  direction  cf 
attack.  Resources  in  provisions,  <fcc,  and  the  means  of  collecting 
them.  Facilities  for  establishing  depots,  hospitals,  «fcc.  Xsturt 
and  strength  of  the  works,  and  of  each  front  in  detail.  The  sur- 
rounding ground,  and  the  advantages  which  it  offers  for  attack  or 
defense.  The  positions  to  be  occupied  in  the  investment ;  com- 
munications to  be  established  between  the  different  quarter*,  uid 
the  works  necessary  for  the  safety  of  the  lines. 

With  unfortified  towns  and  villages,  state  the  defense  oi 
which  they  are  susceptible ;  the  inclosing  walls,  towers,  ditches, 
dry,  wet,  or  full  of  water ;  the  houses,  whether  against  the  will? 
or  separated  from  them ;  the  number  of  the  gates.  The  surround- 
ing  grounds;  gardens;  the  roads  and  paths  adjacent  to  the 
place. 

In  reconnoitering  any  military  position,  three  principal  objects 
are  to  be  considered.  1st.  The  ground  itself  of  the  position.  -A 
The  approaches  to  the  place  and  means  of  debouching  from  them- 
And  3d.  The  communications,  and  the  rear  of  the  position. 

A  good  position  should  be  commanded  neither  on  the  frvn: 
nor  on  the  flanks. 

Information  to  be  collected  in  a  catalogue.    The  names  i>: 
cities,  towns,  and  villages ;  opposite,  those  of  the  hamlets  whici: 
are  dependent  upon  them,  with  their  distances  from  the  chit* 
places.    Number  of  houses,  united  or  isolated.   Population.  Tin 
number  of  men  and  horses  which  can  be  quartered.   The  quan 
tity  of  grain,  hay,  straw,  beeves,  cows,  calves,  sheep,  hogs, 
The  mills,  ovens,  wells,  and  fountains.    The  means  of  transport* 
tion,  wagons,  boats,  horses,  oxen,  and  mules.    The  number  of 
farriers,  wheelwrights,  workmen  in  wood  and  iron,  tailors,  sho^ 
makers,  saddlers,  &c.    The  taxes,  revenues,  commerce,  and  bu*i 
ness  of  the  places.    The  salubrity  of  the  habitations,  stable*,  air. 
and  water.    The  quantity  of  grain  which  can  be  ground,  and  < : 
rations  which  can  be  cooked  in  a  given  time.    The  combustible?. 
The  iron,  cloth,  leather,  wine,  brandy,  &c. 

On  arriving  before  the  place  to  be  besieged,  the  siege-park  i« 
established,  as  near  as  possible  to  the  point  of  attack,  generally 
between  2,500  and  3,000  yards  from  the  advanced  works,  taking 
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advantage  of  the  form  of  the  ground  to  cover  it  from  the  enemy's 
fire.  The  pieces  are  placed  in  the  first  line,  at  four  yards  apart 
from  axis  to  axis.  In  rear  of  them  the  platforms,  tools,  and 
projectiles. 

At  OiH)  yards  in  rear  of  the  park,  the  powder-magazines  are 
established,  in  a  line,  and  about  200  yards  apart,  each  containing 
from  25,000  to  50,000  lbs.  of  powder  in  barrels.  The  magazines  are 
covered  with  oil-cloth  supported  on  a  light  frame-work.  At  80 
yards  on  the  right  and  left  of  this  line  parks  are  established  to 
serve  as  arsenals  for  distributing  the  powder. 

The  workshops  for  the  artificers  are  200  yards  in  rear  of  the 
magazines,  and  those  where  the  fascines,  <fcc,  are  made,  200  yards 
farther  to  the  rear.  They  should  be  as  near  as  possible  to  forests. 
Parks  for  the  horses  should  be  placed  convenient  to  wood  and 
water. 

Battkriks. — The  points  of  attack  are  protected  by  a  certain 
number  of  pieces  placed  together  in  position,  when  they  consti- 
tute a  ba  firry,  the  term  being  also  applied  to  the  constructions 
necessary  for  the  use  of  one  or  several  pieces. 

A  battery  consists  of  a 
covering  mass  A  BC  D, 
Fig.  2S4,  called  a  parapet, 
designed  to  protect  the  men 
and  pieces,  and  of  one  or 
two  ditches  to  furnish  the 
earth.  Sometimes  the  par- 
apet is  made  of  earth  },' 
brought  to  the  position, 
and  there  is  no  ditch.  The 
following  are  the  usual 
dimensions  of  a  buttery  : 

K  I,  the  thickness  of  the  parapet,  is  IS  ,  in  order  to  protect 
the  buttery  from  pieces  of  large  caliber.  AT,  the  terre-plein  of 
the  battery,  is  ordinarily  2'»  feet  wide,  and  has  a  slope  of  for 
the  puqn-ise  «»f  shedding  water.  B.  the  interior  crest,  is  7  ft.  C  in. 
high,  and  U  po  calculated  that  the  enemy's  line  of  fire  B  X,  shall 
p:n»«  <>  ft.  <>  in.  above  the  rear  of  the  terre-plein.  A  B,  the  interior 
slope,  has  a  base  equal  to  f  of  the  height  I  B.  This  slope  is 
packed  as  hard  as  possible.    0,  the  exterior  crest  is  6  ft.  high. 


444  ATTACK   AND   DEFENSE   OF  FORTIFICATIONS. 

B  C,  the  top  of  the  parapet,  is  given  a  slope  to  carry  off  the  rain- 
water which  falls  upon  it.  C  D,  the  exterior  slope,  has  an  incli- 
nation a  little  less  than  the  natural  slope  of  the  earth,  in  order 
that  the  enemy's  shot  may  not  crumble  it  down,  thus  decrea>inr 
the  height  of  the  parapet.  D  E,  the  berm,  is  made  from  2'  to  4  wMv, 
in  order  that  the  earth  knocked  down  by  the  enemy's  shot  »L&ii 
not  fall  into  the  ditch,  which  would  render  the  repairing  of  the 
parapet  more  difficult.  E  F  G  II,  is  the  ditch,  the  profile  of  which 
is  calculated  in  such  a  way  as  to  furnish  earth  sufficient  to  fora 
the  parapet.  It  is  usually  given  a  depth  of  5  ft. ;  but  sometime* 
the  presence  of  water  or  rock  renders  it  necessary  to  make  i;  vf 
less  depth,  and  its  width  has  then  to  be  correspondingly  increas^L 
The  scarp  E  F,  and  counter-scarp  G  II,  are  usually  sloped  so  tin; 
their  bases  are  equal  to  half  their  height. 

Sometimes  it  becomes  necessary,  in  order  to  protect  the  mtn 
and  pieces  from  the  flank  fire  of  the  enemy,  to  throw  up  ejaiu!- 
ments,  which  join  on  to  the  ends  of  the  parapet  making  a  small 
angle  with  its  direction.  For  the  same  purpose  traverso,  art 
placed  between  the  pieces.  In  consequence  of  the  obliquity  uf 
the  epaulment  to  the  enemy's  fire,  it  need  not  be  thicker  than  1- 
ft.  The  form  is  similar  to  that  of  the  parapet,  though  the  inters 
slope  need  not  be  so  steep. 

Guns  and  howitzers  fire  through  embrasures.  These  are  called 
direct,  when  the  central  line  or  line  of  fire  is  perpendicular  to  tit- 
parapet,  which  is  usually  the  case.  When  this  line  is  oblique  t.> 
the  parapet  the  embrasure  is  said  to  be  obliqw. 

The  embrasure  is  laid  out  so  that  the  base  or  sole  is  2  ft.  wKi< 
at  the  neck  or  rear  part,  and  at  a  distance  of  5  ft.  to  the  front  U 
increased  to  3  ft. 

The  solid  part  of  the  upper  portion  of  a  battery,  betwovn 
two  embrasures,  is  called  a  merlon,  and  that  part  under  the 
embrasures  which  is  solid  throughout,  is  called  the  solid. 

That  part  of  the  parapet  included  between  the  base  of  the 
embrasure  and  the  foot  of  the  interior  slope,  is  called  the  <jru<*u 
ill  ere.    Its  height,  for  a  piece  mounted  on  the  siege  carriage,  i* 
3  ft.  6  in.   The  base  of  the  embrasure  has  a  slope  to  the  front,  of 
$  in.  to  1  foot,  to  carry  off  the  water. 

The  sole  of  the  embrasure  is  traced  out  as  soon  as  the  parapet 
has  been  raised  to  that  level,  by  laying  off  on  the  proper  line  «f 
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fire  5  feet  from  the  interior  slope,  and  at  that  point,  on  a  perpen- 
dicular line,  14  foot  on  each  Hide.  These  two  points  and  the  sides 
of  the  neck  are  marked  with  short  stakes ;  and  lines  drawn  through 
them  on  each  side  and  produced  to  the  exterior  slope,  determine 
the  splay  of  the  cheeks  of  the  embrasure. 

In  order  to  protect  the  cannoneers,  the  sides  of  the  neck  are 
sloped  only  enough  to  make  the  width  at  the  interior  crest  3  feet. 
But  the  slope  of  the  cheeks  is  increased  as  they  approach  the 
exterior  slope,  so  as  to  give  a  fire  to  the  right  and  left,  and 
prevent  the  chocks  from  being  blown  away  by  the  blast  of  the 
gun. 

As  steeply-sloped  earth  docs  not  stand  well,  some  kind  of 
revetment  h:is  to  be  used.  For  this  purpose,  sod,  gabions,  saucis- 
sons,  or  hides,  are  used. 

The  tjtihJun  is  a  cylindrical  basket  with  no  bottom,  3  feet  high 
and  about  2  feet  in  diameter.  They  are  set  firmly  in  the  ground 
and  filled  with  earth.  They  are  preferable  to  saueissons  on 
account  of  requiring  less  wood,  and  being  made  and  repaired 
more  easily.  They  are  generally  employed  for  the  cheeks  of 
embrasures,  for  traverses,  communications,  tfco.,  and  are  sometimes 
used  in  the  same  revetment  with  saueissons. 

The  »aucis*on  is  a  cylindrical  bundle  of  fagots,  1  foot  in  dia- 
meter and  18  or  20  feet  long,  bound  together  with  withes.  They 
are  placed  on  top  of  each  other  with  the  proper  slope,  and  secured 
to  the  parapet  with  stakes  and  withes,  or  irou  wire. 

When  hides  are  used  to  protect  the  cheeks  of  an  embrasure, 
it  is  generally  in  connection  with  some  of  the  other  revetting 
materials,  and  they  are  securely  staked  down  over  them. 

In  a  sandy  soil,  sand-bags  are  used  as  a  revetment,  as  was 
done  at  the  attack  on  Vera  Cmz :  and  in  case  of  the  scarcitv  of 
wood  to  make  gabions,  ifcc,  common  barrels,  filled  with  earth, 
serve  very  well.  These  were  made  use  of  in  the  building  of  Fort 
Brown. 

Common  clay,  mixed  with  chopped  straw,  makes  a  very  good 
revetment,  when  well  packed  in  layers  of  1  foot  thick. 

When  sand-bag  revetments  are  used  for  the  embrasures,  the 
cheeks  and  sole  should  be  covered  with  a  double  thickness  of 
wicker-work  to  protect  the  bngs  from  t!  e  blast  of  the  guns.  The 
bags  are  made  to  break  joints,  which  is  also  the  ea-e  wiih  suuris- 
sons. 
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Sod  revetments  are  seldom  made  use  of  in  sieges,  as  it  take? 
very  long  to  construct  them. 

When  the  form  of  the  ground  permits  it,  the  ditch  is  made  i>n 
the  inside  of  the  parapet,  and  is  2£  feet  deep,  and  from  1 S  to  1 
feet  wide.  The  men  and  pieces  are  placed  in  the  ditch  ;  and  the 
parapet  being  formed  in  part  of  the  solid  ground,  is  more  promptly 
made  and  more  solid.  A  small  ditch  is  cut  in  tins  case  at  tin- 
bottom  of  the  exterior  slope,  to  catch  such  of  the  enemy's  thvll* 
as  may  roll  along  the  ground. 

Siege  pieces  should  always  be  accompanied  with  their  plat- 
forms, which  are  of  especial  importance  with  guns  and  howitzers, 
as  these,  to  fire  accurately,  require  that  the  trunnions  should  l« 
horizontal.  "Without  the  platform,  too,  the  ground  would  swe 
be  worn  into  ruts,  and  in  wet  weather  it  would  be  almost  inip..*- 
sible  to  manoeuvre  the  guns. 

The  batteries  are  usually  placed  from  20  to  25  yards  in  fron: 
of  the  parallels,  to  which  they  are  joined  by  trenches. 

Kind. — Batteries  are  called,  1st,  according  to  the  kind  of  pi*ec 
used  in  them  ;  thus,  gun,  howitzer,  and  mortar  batteries.  Some- 
times they  are  mixed  batteries,  and  contain  pieces  of  different  kind?. 
2d,  from  the  nature  of  the  firing,  as  direct,  rieovfiet,  and  breach,*^ 
batteries,  according  as  the  pieces  fire  directly  upon  the  object,  by 
ricochet,  or  for  the  purpose  of  making  a  breach  ;  and  3d,  from  the 
direction  of  their  fire.  Thus,  a  direct  batterv  is  one  which  tire*  La 
a  direction  perpendicular  to  the  face  of  the  work  to  be  struck, 
and  the  shot  of  which  strikes  the  object  without  ricochet.  As 
oblique  battery  is  one  whose  line  of  fire  is  oblique  to  the  wort 
fired  at,  the  firing  being  direct.  A  reverse  battery  strikes  iLc 
interior  of  a  face  of  the  work,  and  under  a  small  angle.  As. 
enfilading  battery  strikes  the  flank  of  a  face,  enfilading  it*  length- 
Reverse  and  enfilading  batteries  generally  fire  ricochet  «L<.:«. 
Ricochet  and  direct  batteries  dismount  the  enemy's  artillery,  ami 
destroy  his  defenses.  Mortar  batteries  render  the  communica- 
tions between  the  different  parts  of  the  work  difficult,  especially 
for  artillery  ;  destroy  the  enemy's  shelters,  and  set  fire  to  or  bk.w 
up  the  magazines.  Under  the  protection  of  these  different  bat 
tcries,  the  works  of  the  besiegers  are  pushed  forward  to  the 
covered  way,  where  the  breaching  batteries  are  established  ?o 
open  the  scarp  wall.  The  breaching  batteries  cannot  be  wcu- 
pied  until  the  fire  of  the  work  is  almost  silenced. 
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Gun  and  howitzer  batteries  may  occupy  four  different  posi- 
tions in  regard  to  the  face  attacked.  1st.  They  may  be  estab- 
lished  in  a  position  perpendicular  to  the  prolongation  of  the  face 
to  be  destroyed,  (1)  and  as  the  projec- 
tiles have  to  pass  over  the  face  A  C, 
Fig.  285,  to  fall  upon  the  terreplein  of 
A  B.  the  pieces  should  fire  in  rico- 
chet, and  the  battery  is  an  enfilading 
ricochet  battery.  This  is  the  best 
kind  of  a  battery  for  dismounting  the 
enemy's  artillery.  Usually,  the  first 
piece  fires  along  the  interior  crest,  the 
second  parallel  to  it.  The  others  are  directed  upon  the  middle  of 
the  adjoining  face. 

2d.  If  circumstances  do  not  allow  this  position  to  be  occupied 
the  battery  (2)  is  placed  within  the  prolongation  of  the  face,  so 
as  to  strike  the  face  on  the  interior,  under  a  small  angle.  This 
battery  fires  in  ricochet,  and  is  called  a  reverse  ricochet  battery. 
Is  becomes  more  effective  as  its  distance  from  the  prolongation  of 
the  face  is  lessened. 

3d.  The  battery  (3),  may  be  established  on  the  other  side  of 
the  prolongation  of  the  face,  striking  its  exterior  direct  under  a 
less  angle  than  90°.  It  then,  by  its  oblique  position,  is  not  ex- 
posed to  the  fire  from  the  face,  A  /?,  and  taking  in  flank  the  em- 
brasures of  the  place,  demolishes  them  more  easily.  It  is  called 
an  oblique  battery. 

4th.  The  locality  sometimes  renders  it  obligators*  to  make  tho 
battery  a  direct  one,  firing  without  ricochets,  which  is  the  least 
advantageous  of  all.  (3  4.) 

Tracixo. — Batteries  are  laid  out  at  night,  the  positions  hav- 
ing been  selected  in  the  daytime.  As  this  is  a  duty  on  which 
artillery  officer*  may  be  ordered,  although  usually,  in  our  service, 
performed  by  the  engineers,  the  means  required  and  method  of 
tracing  will  be  laid  down.  In  the  French  service,  the  command- 
ing officer  of  each  battery  traces  his  own. 

With  the  assistance  of  some  men,  a  dark  lantern  (to  prevent 
the  position  from  being  discovered  by  the  enemy,  and  to  see  by), 
some  stakes,  lines,  and  a  measuring  tape,  two  rectangles  are  laid 
out;  one  representing  the  base  of  the  parapet,  the  other  the 
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upper  opening  of  the  ditcli.  These  rectangles,  if  the  platforms  art 
to  rest  upon  the  natural  ground,  and  the  earth  taken  from  the  ditch 
in  front,  are  placed  about  one  yard  apart  to  form  the  berm.  Bu: 
in  case  a  sunken  battery  is  to  be  made,  that  is,  one  in  which  th<? 
platforms  will  be  below  the  natural  level,  and  the  earth  fur  the 
parapet  is  taken  from  the  rear  of  it,  these  rectangles  are  only 
18  ins.  apart.  This  sunken  battery  enables  the  men  to  be  placed 
under  cover  sooner  than  the  other ;  but  it  can  only  be  employed 
when  the  trenches  and  other  works  in  its  front  do  not  intercept 
the  fire  of  its  pieces. 

Seven  is,  usually,  the  largest  number  of  pieces  placed  in  out 
battery,  and  generally  not  less  than  three.  The  number  of  gnu* 
being  established,  the  length  of  the  rectangles  to  be  laid  out  fol- 
lows from  allowing  18  feet  for  each  gun,  and  6  feet  for  each  splin- 
ter-proof gabion  traverse,  one  of  which  is  placed  between  every 
two  guns  when  the  battery  is  composed  of  more  than  three. 

The  width  of  the  rectangles  for  a  battery  on  the  surface  is, 
the  parapet,  2C  feet ;  and  for  the  ditch,  about  the  same.    For  a 
sunken  battery,  the  parapet  rectangle  is  24  feet  wide,  and  that  Kc 
the  ditch  is  22. 

The  rectangles  for  the  epaulmcnts  and  their  ditches  are  laid  out 
in  the  same  way,  allowing  from  20  to  30  feet  for  the  length  of  th* 
epaulment,  and  12  feet,  or  more,  for  its  width,  according  to  it* 
obliquity  to  the  line  of  the  enemy's  fire. 

These  rectangles,  when  laid  out,  are  well  marked  with  stakes 
and  cords. 

Forming. — In  throwing  up  the  battery,  two  men  per  yard  of 
the  parapet  arc  allowed.  They  are  placed  one  jK?r  yard  in  tlie 
ditch,  one  for  ever}'  two  yards  on  the  berm,  and  one  for  every  tvo 
yards  on  the  parapet.  The  last  two  throw  the  earth  toward  the  inte- 
rior slope,  and  pack  it.  The  men  in  the  ditch  arc  changed  every 
two  hours,  and  the  working  party  relieved  every  twelve.  They 
work  ten  hours,  and  rest  two. 

A  man  can  throw  earth  with  the  shovel,  13  feet  horizontally, 
or  to  a  height  of  5  feet. 

When  the  excavation  does  not  require  the  use  of  the  pick,  » 
tasked  man  can  shovel  and  load  on  a  wheelbarrow  from  15  to  H» 
cubic  yards  of  earth  per  day.  "When  thrown  horizontally,  iu,>r*> 
than  C  feet,  or  less  than  13,  or  to  a  height  of  4  feet,  or  loaded  on 
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a  cart,  the  number  of  cubic  yards  must  be  reduced  to  10.  An 
excavator  by  profc*>ion  can  remove  with  the  shovel,  and  load  in 
a  cart,  as  much  as  30  cubic  yards  of  earth. 

The  nature  of  the  ground  is  expressed  by  adding  the  entire  or 
fractional  number  of  pickers  to  the  shovelers  kept  at  work  by 
them.  Thus,  one  shoveler  and  one  picker,  ground  for  two  men  ; 
one  shoveler  and  two  pickers,  ground  for  three  men ;  two  shovel- 
ers and  one  picker,  which  is  the  same  thing  as  one  shoveler  and 
one-half  picker,  ground  for  one  man  and  one  half. 

In  medium  earth,  one  pick  can  keep  two  shovels  at  work  ;  but 
that  these  shall  not  interfere  with  each  other,  they  must  be  sepa- 
rated by  a  distance  of  from  5  to  6£  feet.  For  excavations,  the 
estimate  is  generally  one  pick  and  two  shovels  for  each  space  of 
from  3  to  4  yards  long.  The  relieving  shovelers  are  spaced  hori- 
zontally at  4  yards,  and  vertically  at  about  5  feet.  For  each 
gang,  one  rammer  and  one  leveler  are  required. 

In  excavating  ditches,  banquettes  are  left  at  a  distance  of  5 
feet  apart,  and  cut  down  60  as  not  to  interfere  with  the  slopes. 
Those  next  the  counterscarp  are  cut  away  as  the  work  progn  — ( 
and  those  next  the  scarp  when  the  parapet  is  about  to  be  finished. 
The  epaulment  is  formed  of  well-rammed  horizontal  layers  from 
S  to  In  inches  thick,  the  edges  projecting  a  little  beyond  the  pro- 
file, and  afterwards  cut  down  with  the  proper  slope. 

Experiment  proves  that  in  siege-works,  at  the  opening  of  the 
trenches,  a  workman  from  the  line,  in  seven  night  hours  and  in 
ordinary  ground  will  excavate  about  2  cubic  yards.  In  ten 
hours,  this  should  be  increased  to  very  nearly  3  cubic  yards. 

In  the  day  time,  as  many  men  as  possible  are  placed  in  the 
ditch,  and  the  rest  employed  in  carrying  forward  supplies,  and  in 


other  work.  Between  twenty-four  and  thirty-six  hours  are 
required  to  form  the  battery,  and  only  about  half  that  time  for  a 
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sunken  battery.  The  interior  slope  is  riveted,  Fig.  286,  uraalk 
with  gabions,  the  proper  slope  being  given  to  them  by  placing 
underneath,  along  the  foot  of  the  slope,  a  row  of  fascines.  When 
the  first  row  of  gabions  has  been  filled,  and  the  earth  of  the  pan- 
pet  reaches  the  same  height,  a  second  tier  of  fascines  and  gabioot 
is  placed  on  top,  and  the  work  continued,  the  requisite  height 
being  given  either  by  placing  sods  on  the  top  tier,  or  by  earta 
alone. 

Before  the  second  tier  gabions  is  placed  in  |M>sition,  the 
embrasures  are  laid  out.  Their  axes  are  IS  ft.  apart,  nnle**  a 
traverse  intervenes,  when  the  distance  is  24  ft.,  allowing  6  ft.  (at 
the  width  of  the  bottom  of  the  traverse.  The  sides  of  the  sole  are 
at  an  inclination  of  T'ff  with  the  axis.  The  top  edges  of  the  cbeeki 
diverge  more  than  the  bottom.  The  checks  are  revetted  for  some 
distance  from  the  neck,  either  with  gabions  secured  as  already 
described,  the  earth  being  compactly  filled  in  around  them  ;  with 
fascines  laid  on  top  of  each  other,  sloped  outwards,  and  secured 
with  pickets  and  withes  ;  with  sand-bags,  which  are  laid  in  tiera, 
the  layers  breaking  joints ;  or  with  sods,  or  hurdle-work. 

The  epaulments  are  not  revetted,  the  interior  slope  being  made 
as  steep  as  the  earth  will  stand. 

Howitzer  embrasures  are  sometimes  made  witli  a  counter-slope, 
the  sole  receiving  nearly  the  same  inclination  from  the  sill  up- 
wards as  the  least  angle  of  elevation  under  which  the  piece  will 
be  required  to  fire. 


Traverses. — The  traverses,  Fig. 
287,  are  made  only  splinter-proof,  to 
prevent  the  pieces  of  a  bursting 
shell,  for  instance,  from  extending 
farther  than  among  the  cannoneers 
of  two  pieces.  They  are  not  designed 


to  resist  shot,  and  consist  of  only  i v. 

two  tiers  of  gabions.  The  lower  tier  is  made  of  two  rows  inclined 
towards  each  other  at  the  top,  filled  and  packed  in  between  with 
earth.  Two  rows  of  fascines  are  placed  on  top  of  these,  and  tbe 
second  tier  of  gabions  on  top  of  them,  inclined  like  the  first,  filled 
and  heaped  up  with  earth.  The  traverse  is  from  15  to  18  ft.  lorur. 
and  has  an  interval  between  it  and  the  parapet  of  2  ft. 

When  traverses  are  used  with  sunken  batteries,  the  distance 
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between  guns  separated  by  a  traverse  is  increased  to  26  ft.  The 


trench,  Fig.  28ft,  when  first  excavated  is  16  ft.  wide  at  the  bottom, 
which  is  slightly  inclined  to  the  front,  where  the  trench  is  3  ft. 
deep.  The  front  is  cut  down  vertically  in  firm  soil,  and  the  rear 
receives  a  slope  of 

As  the  trench  will  furnish  only  sufficient  earth  for  the  parapet, 
that  for  the  epaulment  is  obtained  from  a  ditch  5'  deep  outside 
of  it,  and  that  for  the  traverses  from  ditches  cut  outside  the  para- 
pet and  opposite  the  position  of  each  traverse. 

The  front  of  the  trench  is  cut  down  nearly  vertically,  and 
revetted  with  fascines,  laid  on  top  of  each  other,  ami  pinned  to  the 
earth  by  stakes  passing  through  them  and  obliquely  downward. 
By  this  means,  the  guns  can  be  run  close  up  to  the  parapet,  and 
their  muzzles  project  well  into  the  embrasures,  which  are  made 
of  the  same  form  and  in  the  same  positions  as  prescribed  for  the 
other  battery.  When  traverses  are  made  in  the  sunken  battery, 
a  portion  of  the  ground,  6  ft.  wide,  is  left  standing,  and  on  this 
the  traverse  is  built.  This  kind  of  traverse  is  made  bv  first  laying 
down  on  top  of  the  ground  left  standing  two  rows  of  fascines,  5  ft. 
apart.  On  these  two  rows  of  gabions,  inclined  so  as  to  toueh  at 
the  top,  arc  placed,  filled  with  earth  as  before,  and  heaped  up  on 
top  to  the  height  of  the  interior  crest.  The  sides  of  the  solid  part 
of  the  traverse  are  cut  to  a  suitable  slope,  and  revetted  with 
fa.-eines.  A  passage  of  2  ft.  is  left  between  the  interior  slope 
and  the  gabionade  of  the  traverse. 

Several  holes  should  be  dug  at  the  most  convenient  points  in 
the  trench  of  the  batterv,  to  collect  the  rain  which  mav  fall,  and 
precautions  should  be  taken  to  prevent  water  from  running  into 
the  trench,  either  from  the  natural  surface,  or  from  the  trenches 
leading  to  the  battery. 

In  throwing  up  these  batteries,  a  narrow  ramp  at  the  end  o 
each  epaulment  is  left,  leading  from  the  natural  level  to  the  bottom 
of  the  ditch,  and  &erves  for  the  crivcnienee  of  the  men  irhilft  at 
work. 
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A  trench  of  the  ordinary  dimensions  (8'  wide  at  the  lx>ttc»c 
and  3£'  feet  deep  one  side,  by  4'  the  other),  is  made  from  cacl 
extremity  of  the  battery  to  the  parallel  in  its  rear,  Fig.  2S£*. 


Fig.  2st>. 


If  the  working  parties  are  interrupted  by  sorties,  the  men  lie 
withdrawn  into  the  trenches,  care  being  taken  to  make  them  c*m 
their  tools  with  them,  in  order  that  the  enemy  may  not  make  nar 
of  them  in  destroying  the  work. 

The  powder  magazines  should  be  at  least  30'  in  rear  of  tzf 
parapet,  with  its  ceiling  not  more  than  a  few  inches  above  iht 
natural  level.  The  interior  height  need  not  exceed  5',  which  xrill 
be  about  the  depth  of  the  excavation  to  be  made.  It  should  b* 
6  x12'  in  the  clear,  and  the  sides  may  be  formed  of  frames  anc 
sheeting  boards,  or  of  a  row  of  gabions  crowned  with  two  course 
of  fascines.  It  is  covered  with  splinter-proof  timbers  6"  x  9**,  over 
which  is  piled  at  least  3'  of  earth,  both  on  top  and  on  the  side* 
towards  the  parapet  and  epaulments. 

The  door  is  placed  in  rear,  and  is  reached  by  one  or  t*v 
inclined  trenches. 

Mortar  Batteries  are  of  two  kinds:  those  for  mortars  which 
throw  shells,  as  the  8-in.  and  10-in.  siege;  and  those  for  the  stone 
mortars.  The  coehorn  mortar  being  small,  is  placed  in  any  unoc- 
cupied corner  of  the  trenches.  The  first  kind  are  usually  placoi 
in  front  of  the  1st  and  2d  parallel,  and  in  such  positions  a*  to 
bring  as  large  a  portion  of  the  place  under  their  fire  as  possible. 
The  stone-mortar  batteries  are  used  at  shorter  distances  (in  froiit 
of  the  3d  parallel),  to  annoy  the  covered  way  and  adjacent 
parts. 

The  platforms  may  be  laid  on  the  natural  surface,  in  which 
case  the  same  form  and  dimensions  are  given  to  the  parapet  aixl 
epaulments  as  those  laid  down  for  gun-batteries;  but  as  tin 
mortars  have  to  be  set  back  far  enough  to  enable  the  shell  to  clear 
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the  Interior  crest  by  about  3 ,  a  rcretmenl  is  unnecessary,  and  the 
Interior  slope  may  bo  made  a*  steep  ait  the  earth  will  stand  under 
finnlv. 

m 

The  front  of  the  battery  is  estimated  by  allowing  15  for  each 
mortar,  and  ft"  for  earh  spl  inter- proof  traverse. 

Tlit-.*'  batteries  are,  however,  usually  sunk  U-neath  the  natural 
surface,  since  several  feet  difference  of  level  in  the  position  of  a 
mortar  will  have  but  little  effect  on  the  raugc.  Tlie  trench  is  then 
made  wide  at  bottom  ;  3f  deep  in  front,  and  4  in  rear,  w  ith 
a  reverse  sIojh?  of  J.  Height  of  parapet  4';  thickness  Is  ;  berm 
1 ,  and  the  front  ilope  of  the  trench  with  a  base  of  2. 

The  labor  of  throwing  up  batteries  is  performed  by  line 

soldiers.  Eight  artillerymen  are 
assigned  to  each  piece,  and  arc 
relieved  even*  -I  hours.  Thcv 
level  the  terrepleins,  revet  the 
slopes,  and  form  the  embrasures, 
in  revetting  which  la.*t,  a  mask  is 
formed  if  necessary  in  front  of  the  mouth.  It  is  made  of  two 
rank*  of  gabions  filh-d  with  earth,  surmounted  by  a  second  rank 
filial  with  fam  ines,  Fig.  21*). 

Tie  platform*  are  laid  whilst  the  battery  is  being  finished. 
F"T  mortars  and  ricochet  batteries  they  an*  laid  level,  and  for 
rltmi  firing  have  a  counter  slope  of  7  or  *  in.  in  onlerto  diminish 
the  recoil,  lite  hurter  should  be  placed  )»cr)»cndicuUr  to  the 
directrix. 

Mortar  hatt. Ties  are  usuallv 
made  without  embrasure*,  but 
when,  for  the  want  of  howitzers,  r»«  nv. 

the  inortan  are  to  l»e  find  in  ricochet,  embrasure*  are  made 
for  them  with  gcnouilhrv*  3|  ft.  high,  and  an  inclination  of 
the  sole  of  jr.  { Fig.  it'l. )  The  platfonn  in  this  rase  is  given  a 
counter  »b»|»e  in  urth  r  tliat  the  mortar  may  fire  under  an  angle 
•ntlii  ontly  small,  and  to  diminish  the  recoil. 

Enfilading  and  counter  batterie*  an*  usually  armed  with  2 
and  if 4  |*U.  and  H  in.  howitzer*.    Tlie  fire  of  the  guns  is  mainly 
dirret«-d  to  dc«tn>v  the  eneinv'*  artillcrv  ;  that  of  the  howitzer* 
to  sweep  the  covered  ways  and  ditch*-*,  to  destroy  the  palUadingn, 
and  injure  the  traverse*  by  exploding  shells  in  them. 
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All  the  batteries  open  their  fire  at  the  same  time  at  a  given 
signal,  60  as  to  divide  the  attention  of  the  enemy. 

Ricochet  and  mortar-batteries  fire  night  and  day;  direct 
batteries  in  the  daytime  only. 

Seven  artillery-men  are  required  for  each  gun ;  five  for  each 
howitzer  and  10-in.  mortar,  and  three  for  8-in.  mortars  and  atom- 
mortars.  A  portion  of  these  may  be  detailed  from  the  infantry. 
Each  detail  serves  24  hours  at  a  time. 

Breachinq-Battkries. — Exposed  revetments  may  be  breached 
by  heavy  guns,  at  ranges  from  400  to  600  yards  ;  and  batteries- 
for  such  guns  are  in  all  respects  the  same  as  enfilading  or  counter- 
batteries.  But  when  these  revetments  are  covered  from  distan: 
fire  by  the  crest  of  the  covered  way,  the  breaching-batteries  mu»: 
be  placed  either  on  the  glacis  or  on  the  terrepleins  of  the  defen- 
ses, at  points  where  no  obstructions  interfere  with  firing  the  gun* 
low  enough  to  form  a  breach  practicable  for  the  ascent  of  tz. 
assaulting  column. 

In  either  of  these  latter  cases  the  batteries  must  be  sunk  low 
enough  to  subserve  the  object  in  view.  The  embrasure*  art 
usually  cut  out  of  the  parapet,  as  an  ordinary  trench  has  generally 
to  be  first  established,  R6  a  preparatory  step.  The  form  ar-3 
dimensions  of  other  sunken  batteries,  with  such  modifications  a* 
are  demanded  by  the  site  of  the  battery  and  the  position  of  tit- 
point  to  be  attained,  will  apply  in  these  cases. 

Breaching-batteries,  established  either  on  the  glacis  or  terre- 
plein  of  a  work,  will  generally  be  exposed  both  on  their  flank  and 
rear  to  the  fire  of  dangerous  commanding  points,  from  which  i: 
will  be  necessary  to  cover  them  by  traverses,  the  number  and 
position  of  which  will  depend  upon  the  command  and  position  of 
the  dangerous  points.  To  cover  from  the  flank  fire,  if  the  com- 
mand of  the  dangerous  point  is  considerable,  it  may  be  necessary 
to  place  a  traverse  at  each  interval  between  the  guns.  The  trav- 
erses used  in  such  cases  receive  a  thickness  of  14'  or  seven  gabions: 
their  length  depends  upon  the  relative  positions  of  the  dangerous 
points  and  the  exterior  point  of  the  battery  to  be  covered. 

When  the  reverse  of  these  batteries  is  exposed,  it  is  generally 
from  the  salient  position  of  6omc  comparatively  distant  point, 
from  which  a  slanting  fire  may  be  brought  to  bear  on  this  part  of 
the  battery.  In  this  case  it  will  generally  be  easy  to  cover  the 
exposed  part  by  running  out  from  the  reverse  of  the  battery,  an 
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end  of  a  trench,  to  form  a  wing  traverse  that  shall  intersect  the 
lines  of  fire  from  the  point  upon  every  part  exposed. 

The  guns  of  breaching-batteries  should  be  placed  so  that  the 
direction  of  their  fire  may  be  as  nearly  perpendicular  to  the  line 
of  the  wall  as  possible  ;  and  when  oblique,  the  angle  should  not 
exceed  45°,  otherwise  the  effect  of  the  shot  will  be  greatly  dimin- 
ished, and  the  operation  retarded. 

Besides  the  breaching  batteries,  counter-batteries,  in  every 
respect  similar  to  the  others,  arc  established  on  the  glacis.  Their 
object  is  to  counter-batter  and  silence  the  artillery  of  the  defense 
which  may  be  brought  to  bear  on  the  breaching  batteries,  or  on 
the  passage  of  the  ditches.  They  are  usually  placed  on  the 
prolongation  of  the  ditches. 

The  genouillcre  is  equal  in  height  to  three  ranks  of  saucissons, 
in  order  that  the  pieces  may  not  tear  away  the  revetment  when 
they  recoil.  If  these  batteries  cannot  be  sank,  they  are  formed 
of  bags  of  earth  brought  up  to  the  position.  Breaching  batteries 
are  armed  with  from  two  to  six  24  or  32  pds. 

In  these  batteries,  the  necks  of  the  embrasures  arc  closed  with 
a  kind  of  oak  shutter,  bullet-proof,  called  embrasure-blinds,  or 
mantlets,  to  protect  the  cannoneers  from  the  fire  of  small  arms. 
At  the  soigc  of  Sebastopol,  the  Russians  constructed  their  mant- 
lets of  several  thicknesses  of  tightly  twisted  rope,  securely  bound 
together,  and  hung  like  a  curtain  from  the  top  of  the  embrasure, 
an  aperture  being  left  in  the  lower  part  through  which  the  muzzle 
of  the  gun  was  run.  This  opening  was  made  large  enough  to 
allow  sufficient  field  of  fire  to  the  piece;  and  the  cannoneers 
were  further  protected  by  a  circular  mantlet  made  of  the  same 
material,  which  fit  closely  on  the  chase  of  the  gun,  between  the 
wheels,  a  small  opening  on  top  being  left  for  aiming  through. 
These  mantlets  are  perfectly  bullet-proof,  and  must  have  been  of 
great  serv  ice  in  protecting  the  Russian  gunners  from  the  sharp- 
shooters of  their  enemies  in  rifle-juts,  &c. 

Various  obstacles  may  interfere  with  the  construction  of 
breaching  batteries. 

If  the  fire  of  the  place  is  very  deadly,  or  the  nights  very  short, 
they  must  be  thrown  up  from  the  interior.  If  it  is  impossible  to 
sink  them,  the  workmen  must  be  covered  by  masks  of  stuffed 
gabions,  earth-mounds,  «fcc.    Should  the  earth  be  stony,  it  must 
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be  screened,  and  the  stones  placed  at  the  bottom  of  the  parapet, 
so  that  the  shot  may  not  strike  them  and  injure  the  men.  If 
a  battery  has  to  be  constructed  on  rock,  or  on  marshy  ground,  the 
earth  for  the  parapet  must  be  carried  to  the  position,  or  if  possi- 
ble the  parapet  be  constructed  of  sand-bags,  the  workmen  being 
covered  by  masks. 

Marshy  ground  is  consolidated  by  laying  down  beds  of  fascines, 
crossing  each  other  at  right  angles,  and  fastened  with  hurdle-work. 
This  is  covered  with  earth  mixed  with  straw.  If  a  battery  is  made 
on  the  brow  of  a  hill,  or  other  position  where  the  width  of  terre- 
plein  is  limited,  the  rear  of  the  platforms  may  be  supported  on 
trestle-work.  This  kind  of  floor  is  formed  of  beams  8"  square, 
placed  about  2'  apart.  A  counter-hurter  is  fixed  on  it  to  prevent 
the  piece  from  running  off  the  plat- 
form to  the  rear.  The  platform 
planks  are  nailed  in  their  positions. 
The  work  is  protected  by  masks  of  . 
gabions  and  fascines  (Fig.  292),  and  jBm.. 
these  masks  are  increased  in  num-  Fig" sw" 

ber,  in  order  to  divide  the  attention  and  fire  of  the  enemy.  Such 
a  platform  will  not  do  to  fire  mortars  from,  the  recoil  being  too 
directly  transmitted  to  the  supports. 

In  order  to  increase  the  angle  of  fire,  a  platform  broken  into 
two  steps  is  made  use  of.  The  lowest  part,  being  in  the  rear,  re- 
ceives the  trail,  whilst  the  wheels  rest 
on  the  higher  part  in  front.  Fig.  293  a. 
This  kind  of  a  battery  platform  is  re- 
sorted to  when  the  piece  will  not  give, 
standing  on  its  carriage  in  the  ordinarv 
way,  an  angle  of  fire  sufficiently  great 
for  the  object  in  view.  The  angle  of  fire  is  diminished  by  the 
reverse  means,  Fig.  293  b. 

Floating  batteries  may  be  constructed  on  inundated  ground, 
by  making  rafts,  buoyed  up  with  empty  casks  placed  under  them. 
A  parapet  is  made  in  front,  of  woolsacks,  saucissons,  or  oak 
timbers. 

If  the  battery  is  commanded,  it  becomes  necessary  to  raise 
the  parapet  or  lower  the  terreplein  in  such  a  manner  that  the 
enemy's  shot  will  pass  6  ft.  9  in.-  above  the  rear  of  the  platform. 
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If  it  become*  necc**ary  to  establish  a  battery  in  a  jK^ition  very 
oblique,  with  regard  to  the  object  tired  at,  it  i*  made  in  offset*, 
and  the  picee*  placed  a*  it  were  in  echelon,  in  order  to  avoid  ob- 
lique embra*ui\>,  which  are  ohj actionable. 

One  magazine  hhould  bo  provided  for  every  two  or  three 
pine     They  are  home  time*  placed   at   the  *HHfe 
hiocn  ot   tlic  oattery,  aim  froinetnno  in  tlic     w  IHfllRl 
pura{»ct  of  the  communication*.    For  mortar  ^St'^*-'^.* 
and  howitzer  hattcric*  Aiuall  *hcltcr*  are  al*o 
required  for  the  piiqn»he  of  loading  hollow  pro-  m 
jcetilc*.    They  are  formed  of  a  dileh  3  ft.  wide,  3  ft.  deep,  and 
ti  ft.  lonp,  eoveretl  by  a  para}*  t  and  a  blindage  of  wood  and 
nauei^Min*  eovere«I  with  earth.    Tlic  entrance  i*  to  the  rear,  and 
approached  hy  a  rarnp.    Fijr.  *"M. 

I)>  »->:<*»»:.—  Fortification*  fdioitld  be  anned  in  projw»rtion  to 
their  iiuportanee  and  the  military  and  other  Mipplic*  which  they 
contain.  Tlic  piece*  *hould  be  of  medium  caliber*,  to  enable 
them  to  be  promptly  withdrawn  from  tbe  fire  of  the  be»icpvr»,  and 
replaced  in  more  favorable  j»«.Mtion*.  Somo  larpj  piece*,  how- 
ever, are  indir»|*  n>ably  ucce»«arr  to  intimidate  the  enemy,  and 
eomj^l  him  to  give  hi*  work*  the  UMial  dimension*. 

No  definite  mle  can  be  laid  down  a*  to  the  armament  of  a 
fort iiieat ion,  more  c*j»eeiaJly  in  regard  to  tho*e  in  thi»  country. 
<»cncrnllv  i»j»cakiii£,  \*  and  '21  \**\r*.  are  larjfo  enough  for  any 
interior  tort*  ;  uhiUt  th«»«c  on  the  *ea*con«t,  where  m«*t  of  our*  an* 
*ituat«*d,  ikhouhl  be  ut-ll  pro\idcd  with  ^run*,  howitzer*,  and  mor- 
tar* «-f  the  lar^t  caliber*,  in  order  to  cover  the  Sarpv*t  tield  of 
fin*  effectually,  and  prevent  the  approach  of  v»>m-1*  of  all  kind*. 
Tin  v  imiat.  Inside*,  j»o-*ef**  a  proportion  of  smaller  caliber*,  in- 
cluding *omc  field  pi»n  f.r  the  land  front*,  and  to  1k«  u*cd  in 
interrupting  the  landing  of  troo|*. 

Tli«-  maximum  amount  of  ammunition  i*  !,<*«>  round*  j»er  pin, 
vni  lHr  howitzer.  > hi  f(,r  lo-ineh  mortar*,  and  7««>  for  Hindi; 
<£.**»)  rampart  and  hand  grenade*  ;  and  the  minimum,  three 

fifth*  of  thi*. 

Tlic  artillery  oftVer*  in  a  fort,  and  more  especially  the  chief 
one,  nhould  U>  |>erfeetly  acquainted  with  all  part*  of  tlic  work, 
an<l  all  the  adjacent  ground  within  the  tphere  of  attack,  a*  on 
thcM."  will  d«  |H nd  the  proper  di-j**ilion  of  the  piece*.  They 


Digitized  by  Google 


458  ATTACK   AND   DEFENSE  OF  FORTIFICATION'S. 


should  also  have  marks  on  the  surrounding  ground,  so  as  to  l»e 
able  to  estimate  correctly  the  distances  of  the  works  and  batterit* 
of  the  besiegers. 

There  should  be  at  least  one  skillful  gunner  for  the  service  >A 
each  piece,  and  as  only  one  third  of  the  garrison  are  generallj 
under  arms  at  a  time,  there  should  be  three  times  as  many 
these  gunners  as  there  are  pieces  in  the  place,  including  the 
reserve  pieces.  Three  auxiliaries  for  each  piece  of  small  caliber, 
and  four  for  the  large,  may  be  taken  from  the  infantry.  The 
workmen  and  artificers  should  number  nearly  one  fifteenth  of  the 
gunners.  In  case  of  necessity,  the  services  of  citizens  to  assist  in 
working  the  guns,  may  be  made  use  of,  or  they  may  be  employ^ 
as  workmen  and  artificers. 

Besides  the  battery  -horses  used  in  making  sorties,  a  certain 
number  are  necessary  to  transport  the  pieces  from  place  to  place. 

When  the  place  is  about  to  be  attacked,  the  bastions  are  each 
armed  with  three  pieces,  placed  in  barbette ;  one  8-inch  howiUir 
in  the  capital  and  one  18-pdr.  on  each  face.  The  flanks  are  often 
armed  with  field  guns  to  fire  through  the  embrasures  at  recun- 
noissances  and  workmen.  The  front  of  attack  is  lighted  up  with 
pitched  fascines,  rampart-pots  filled  with  composition,  or  with  ur- 
barrels  and  fire-balls  thrown  forward  towards  the  enemy. 

The  enemy  should  be  closely  watched,  in  order  to  ascertain 
the  moment  when  he  opens  his  trenches.  For  this  purpose, 
the  garrison  should  be  in  communication  with  persons  outside,  n" 
possible,  so  as  not  to  be  taken  by  surprise.  Some  field  piece* 
should  then  be  run  out  in  front  of  the  glacis,  the  enemy's  position 
lighted  up  with  fire-balls,  and  grape-shot  fired  upon  his  workmen 
for  two  or  three  hours ;  after  which,  the  enemy  having  sheltered 
himself  from  such  projectiles,  shot  and  shell  are  used,  the  latter 
with  but  little  velocity,  so  that  they  may  ricochet  along  the 
ground  and  enter  the  trenches. 

So  soon  as  the  point  of  attack  is  satisfactorily  determined,  ail 
the  disposable  artillery  is  placed  in  the  most  favorable  position* 
for  sweeping  the  ground  in  front.  For  this  purpose,  one  8-in. 
howitzer,  firing  along  the  capital,  and  five  18  or  24  pdrs.  on  each 
face,  are  placed  in  the  bastion  of  attack.  Seven  or  nine  pieces  of 
like  caliber,  and  similarly  disposed,  may  be  placed  in  the  cavalier 
of  the  bastion. 
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Eleven  pieces  arc  placed  in  each  derai-lnne  of  the  attack,  one 
an  8-in.  howitzer,  firing  along  the  capital,  the  others  12  or  18 
p<lrs.  Six  on  the  face,  bearing  on  the  ground  opposite  the  bas- 
tion of  attack,  the  other  three  on  the  other  face. 

Five  pieces  of  large  caliber  on  the  faces  of  the  two  collateral 
bastions  which  bear  most  directlv  on  the  trenches;  and  their 
flanks  which  bear  on  the  bastion  of  attack,  should  each  receive 
four  pieces  near  the  angle  of  the  curtain. 

In  the  collateral  dcmi-lunes,  six  pieces  are  placed  on  the  faces 
that  bear  on  the  trenches. 

Sixteen  8-in.  howitzers  should  be  placed  in  the  covered  ways 
of  the  point  of  attack,  and  of  the  two  collateral  fronts ;  two  being 
in  each  place  of  arms  to  fire  in  ricochet  along  the  capitals.  About 
twenty  mortars  should  be  distributed  along  the  curtains  and  in 
the  demi-lune  redoubts. 

The  pieces  on  the  faces  which  arc  enfiladed  should  be  covered 
by  gabionade  traverses,  one  between  every  pair.  The  barbettes 
in  the  salients  will  be  partly  cut  down,  and  the  parapet  raised  to 
form  embrasures  for  the  guns.  The  traverses  are  22  feet  long, 
9  feet  high,  and  12  feet  thick  at  the  base  by  8  feet  at  top,  and  are 
revetted  with  gabions. 

The  pieces  enumerated  form  a  medium  armament  for  the  point 
of  attack  at  this  period  of  the  defence  ;  and  whilst  they  arc  being 
placed  in  position,  embrasures,  platforms,  and  traverses  arc  pre- 
pared at  suitable  positions,  to  place  the  artillery  under  shelter 
as  soon  as  the  enemy  shall  have  established  his  enfilading  bat- 
teries. 

A  continuous  fire  should  be  kept  up  on  the  parts  of  the 
trenches  in  progress,  particularly  when  the  enfilading  batteries 
are  commenced.  The  fire,  instead  of  being  scattered  over  all  the 
batteries,  should  be  concentrated  on  a  few  of  the  principal  ones, 
as  by  delaying  these,  the  others,  if  the  besiegers  act  prudently, 
will  not  oj»en  their  fire  until  all  are  ready. 

As  s^on  as  the  enfilading  batteries  begin  to  produce  a  marked 
effect,  half  the  pieces  on  the  faces  of  the  defenses  are  withdrawn 
and  held  in  reserve,  tho.-e  being  retained  in  position  which  arc 
best  protected  by  the  traverses,  and  keep  up  a  steady  fire  on  the 
heads  of  the  approaches  as  they  are  advanced,  redoubling  the 
ricochet  firing  whenever  the  workmen  and  guard  of  the  trenches 
are  relieved. 
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After  the  third  parallel  is  constructed,  the  howitzers  may  !<■ 
advantageously  replaced  by  stone  andcoehorn  mortars  firing  from 
the  covered  ways,  and  the  redoubts  of  the  re-entering  place*  of 
arms.  Guns  will  be  placed  in  embrasures  to  fire  in  the  direction 
of  the  ditches  of  the  demi-lunes  of  attack  against  the  crowning  of 
their  covered  ways. 

The  defense  at  this  time  should  be  more  than  ever  energetic. 
The  converging  and  close  fire  of  the  artillery,  combined  with  that 
of  small  arms,  is  capable  of  retarding  very  much  the  progress  of 
the  besiegers.  Their  works  should  now  be  well  lit  up  at  night 
with  fire-balls,  to  prevent  their  rapid  advancement  under  cover  <»f 
the  darkness.  The  embrasures  should  be  protected  with  bullet- 
proof shutters,  or  masks.  Blinds,  or  covers  of  timber,  fascine* 
and  earth,  under  which  guns  can  be  secured  from  projectile* 
which  would  reach  them  at  top  or  in  flank,  will  now  be  very  ser- 
viceable ;  but  they  must  not  be  exposed  to  the  direct  fire  of  thr 
enemy,  and  should  allow  free  escape  to  the  smoke,  without  which 
they  would  prove  untenable.  A  few  guns  covered  in  this  way, 
and  placed  in  the  salients  of  the  collateral  works,  to  take  in  re 
verso  the  trenches  constructed  on  the  glacis,  will  greatly  retairJ 
the  progress  of  the  sappers. 

As  soon  as  the  besiegers  have  arrived  at  within  30  yards  of 
the  covered  way,  hand-grenades  are  thrown  into  their  works 
stone-mortars  are  gathered  in  the  adjacent  portions  of  the  work, 
and  the  establishment  of  the  breaching-batteries  retarded  by  » 
well-sustained  fire  of  shot,  shells,  grenades,  «fcc.  The  pieces  arc 
now  withdrawn  into  the  redoubts  of  the  work  abreast  of  the 
besiegers.  The  demi-lune  redoubts  receive  5  guns  in  the  salient 
and  4  on  the  flank  looking  towards  the  bastion  of  attack.  The 
redoubts  themselves  are  not  disarmed  until  the  last  extrciiiitv, 
when  the  pieces  are,  if  possible,  withdrawn  into  the  body  of  the 
place. 

As  the  moment  for  crowning  the  covered  way  approaches,  the 
efforts  of  the  besiegers  to  retard  the  works  of  attack  will  Ik? 
redoubled.  In  addition  to  the  measures  already  laid  down,  the 
flanks  which  bear  on  the  point  of  attack  will  be  armed  with  artil- 
lery ;  and  oblique  embrasures  will  be  constructed  in  the  curtain*, 
to  sweep  the  positions  along  the  bastion-covered  ways,  where  the 
besiegers  are  making  the  breaching  and  counter  batteries. 

The  different  breaches  are  defended  with  grape,  hand  and 
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rampart  jrrenadc*,  powdcpbap.*.  Are.  Sin  nil  mine*,  or  homb-fou- 
pa.*;*<-.s  idiould  be  prepared  at  t lie  »ummil  of  the  breach,  to  he 
exploded  ha  tuMtn  ab  the  bei»ie«;cr*  £ain  |*i!»cchM«>n  of  it.  The  top 
of  the  bn-ach  i*  strewed  with  even*  potwhlc  obhtacle  that  can 
retnnl  the  pro^rc**  of  the  storming  party  ;  and  /nnades,  thun- 
dering barrel*,  Arc.  will  he  rolled  down  on  the  troop*  an  they 
axvnd  the  *loj«\  Coch«»rn-mortar^  and  tield -howitzer*,  loaded 
with  frrapc,  are  placed  in  jH^ition,  ready  to  lire  ii|»on  the  enemy 
a*  mm. n  u>  he  nuchc*  the  top. 

S»:a-ou.-t  I  »r»>x«i^.  -Artillery  ploy*  the  imwt  im^rtant  part 
in  *ca-eoa>t  defence*;  more  i>j»ecially  now  that  the  caliUr  ha* 
been  n>  much  incrcji-«-d,  a*  by  a  *in^le  well-dim  ted  bhot  to 
endanger  the  *nf«  ty  of  rhipn  of  the  lar^ot  eW.  Hie  fixed  |*o*i- 
tion  of  the  land-battery,  and  the  nual!  *urfaee  which  it  present*, 
pve  it  an  iinmcn**'  advantage  over  ve*Kd*.  It  may  he  laid  down 
a*  a  principle,  that  a  land  hattery  of  4  piece*  i*  capahlc  of  con- 
tending advant:i^«N»u?»ly  with  a  nhip  of  li'o. 

Sea  c.».int  hattcric*  arc  UMiallv  et>tuhli»hcd  near  the  entrance* 
of  p.»rt*,  or  jit  other  |H«int(»  «»n  the  c«aj»t,  for  the  defence  of  n»ad- 
Hfi  :el-,  anch«.rap>«»,  htnall  commensal  |»ortj»,  Arc.  They  thouhl  Ik.' 
»■*  fur  ad\anccd  a*«  po-^ible,  a»»  on  i-lnnd*,  |»r< «i«-«*t in^  jM»intr,  Arc., 
in  order  to  maintain  command  over  a*  /re .it  a  distance  an  jH^ihle. 
A  relii  f  «»f  from  .'!o  to  4,*>  ft.  protect*  theiu  from  the  rietiehet  tin; 
of  i»hij'»,  whiUt  it  pivcf*  the  piece*  the  ]«»wcr  of  lining  that  fire  on 
the  wat.  r  up  to  yanU.    Sl  ot  h-o  hut  little  of  it*  force  by 

ricocheting  nvrr  calm,  -till  water.    Or  f  large  caliU-r,  which 

ha*  ricovhcti-d  at  1  .'J**' yanU.  ha*  *till  Mirth  M*rit  force  to  jtenctrate 
the  tide  of  the  largct  Mml  V«>«  I.  If  the  ground  between  the 
buttery  utid  the  M-a  j.n-MtiU  a  *!ojn-  favorable  for  the  ricochet 
fjre  of  an  cneiin,  it  thouM  be  cut  into  terrace*,  the  ri*c>  of  which 
will  catch  the  shot. 

The  di-tancc  of  tlie  an*  horup-  i*  determined  by  the  depth  of 

water  at  different  |*.int*  ..f  tin  a*t.    The  larg«>t  cla>#  of  v«»^  1* 

rr-piir*'  from  to  .".o  ft. ;  frigate,  from  li»  to  ti.'i  ft. ;  and  slooj*  of 
war,  from  \t\  to  lv  It  U,  then  fore.  ca*v  to  aM-erthin  thedi-tancc 
of  an  anchorage  from  a  batten  aceoniing  to  the  kind  of vchm-I. 

Hie  parapet  of  thi>i*  batterten  should  be  of  earth,  or  at  lca*t 
cohered  with  it  to  a  depth  of  t  ft.  It  U  about  1«*  ft.  thick,  and 
7  ft.  o  in.  high.    It  U  frequently  revctte*!  on  the  interior  with 
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masonry  to  a  height  of  about  4  ft.  2  in.  The  width  of  the  terre- 
plein  is  18  ft.  When  subject  to  enfilade  from  the  fire  of  shipping, 
returns  are  made  at  the  extremities,  and  traverses  placed  at  inter- 
vals.   The  ditch  should  be  as  deep  as  possible. 

The  distance  betweeu  guns  and  howitzers  is  from  18  to  21  feet, 
and  the  height  of  the  interior  crest,  above  the  platforms,  about  5 
feet,  so  that  the  pieces  may  fire  over  the  parapet  and  follow  vessels 
under  way.  The  field  of  fire  of  each  piece  is  90°,  or  45°  on  each 
side  of  the  directrix,  so  that  if  a  vessel  passes  a  battery  at  a  dis- 
tance of  300  yards,  it  is  under  the  fire  of  a  piece  for  at  least  a 
distance  of  600. 

The  armament  of  sea-coast  batteries  varies  with  their  import- 
ance. The  largest  are  armed  with  the  largest  guns,  32  and  42  pd. 
columbiads  (now  64  and  128  pds.),  and  sea-coast  howitzers.  Some 
field-howitzers  are  sometimes  also  included.  A  certain  quantity 
of  light  artillery  (especially  howitzers),  is  also  necessary  to  accom- 
pany troops  which  may  be  detached  to  prevent  an  enemy  from 
disembarking.  But  few  pieces  are  kept  mounted  in  our  sea-coast 
defenses ;  and  in  case  of  a  threatened  war,  this  would  be  the  first 
measure  to  be  attended  to. 

In  time  of  war  a  sentinel  is  posted  night  and  day  on  these 
batteries,  to  give  the  earliest  intelligence  of  the  appearance  of  an 
enemy.  Everything  should  then  be  prepared  ;  charges,  projec- 
tiles, <fec.  The  platforms  should  be  6wept  clean,  and  it  should  be 
ascertained  beforehand  that  the  chassis  move  freely  on  the  traverse 
circles.  The  pieces  are  fired  at  the  water-line  of  the  vessels.  If 
the  shot  falls  short  it  will  reach  the  vessel  by  ricochets ;  and  the 
chances  for  producing  a  good  effect  are  greater  than  when  firing 
higher. 

Hot  shot  may  be  most  advantageously  employed  against  ves- 
sels at  anchor,  and  for  combats  of  a  certain  duration,  which  allow 
time  enough  to  heat  the  shot  to  the  necessary  degree,  and  the 
requisite  careful  and  deliberate  aiming. 

Sea-coast  batteries  are  provided  with  furnaces  or  grates  for 
heating  shot.  One  hour  is  required  to  set  one  of  these  furnaces 
going,  but  after  that  only  from  30  to  35  minutes  to  heat  a  32  or 
42-pd.  to  a  cherry  red. 

A  cold  shot  makes,  in  the  side  of  a  vessel,  simply  a  hole,  which 
closes  up  in  part  by  the  elasticity  of  the  wood,  and  is  easily  stopped 
with  a  large  plug. 
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The  use  of  shells  with  sea-coast  artillery  permits  rapid  firing, 
and  enables  us  to  seize  the  favorable  occasions  when  the  most 
injury  can  be  inflicted  on  the  cnemv. 

The  lire  of  heavy  8  and  10  in.  shell-guns  is  almost  as  accurate 
as  that  of  puns,  and  takes  effect  at  from  3,000  to  5,000  yards ;  but 
the  most  efficient  range  is  from  1,700  to  1,900  yards. 

10-inch  mortars  give  ranges  of  over  4,000  yards,  and  are 
employed  against  distant  anchorages.  Their  fire,  although  very 
uncertain,  is  of  great  moral  effect,  in  the  defense  of  sea-coasts, 
from  the  knowledge  of  the  great  havoc  sometimes  produced. 

If  the  proximity  of  an  anchorage  enables  an  enemy  to  man 
his  tops,  and  obtain  a  plunging  fire  into  the  batten-  defending  it, 
field-pieces  are  established  in  the  rear  to  fire  upon  the  netting  of 
the  tops.  Rockets  and  other  incendiary  fire-works  would  be  fired 
against  the  sails  and  rigging  to  set  them  on  fire. 

Firing  from  ships  is  very  uncertain,  on  account  of  the  move- 
ment. As  the  range  is  shortened,  the  fire  improves  ;  but  the  ship 
being  thereby  brought  within  shorter  range  of  the  guns  and  how- 
itzers of  the  battery,  the  contest  becomes  more  than  ever  unequal. 
The  bombardment,  by  the  French,  of  the  castle  of  St.  Juan 
dTlloa,  took  place  at  2,000  yards.  Of  302  shells  fired,  6  only 
fell  in  the  fort,  whilst  some  went  1,200  vards  bevond. 

In  estimating  the  quantity  of  artillery  necessary  for  the  arma- 
ment of  a  permanent  fortification,  considerable  discrepancy  of 
opinion  exists  among  military  writers.  A  resolute  garrison  might 
preserve  a  work  of  tolerable  strength  from  a  cotip  de  main  with- 
out the  aid  of  cannon ;  and  an  idea  of  the  maximum  amount  of 
artillery  might  be  arrived  at,  by  supposing  each  front  armed  with 
as  many  pieces  as  it  can  carry,  with  a  suitable  number  of  pieces 
in  reserve  to  provide  for  casualties.  But  these  are  inadmissible 
extremes ;  and  a  medium  estimate  is  to  allow  3  heavy  guns,  and 
1  heavy  mortar,  for  each  bastion  or  front,  with  CO  heavy  guns,  20 
heavy  mortars,  and  10  stone  or  light  mortars  for  the  armament  of 
the  point  of  attack. 

An  estimate  of  the  allowance  of  ammunition  is  made  by  allow- 
ing l,ooo  rounds  for  each  gun,  Soo  for  each  mortar,  10o  musket 
cartridges  per  day  for  each  soldier  on  guard,  and  300  lbs.  of  pow- 
der for  each  mine. 

In  estimating  the  quantity  of  artillery  n-  <t^;irv  for 
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besiegers,  the  quantity  employed  by  the  besieged  is  taken  as  a 
basis,  and  as  many  guns  and  mortars  allowed  for  the  enfilading, 
counter,  and  mortar  batteries  as,  is  presumed,  form  the  armament 
of  the  point  of  attack,  with  the  addition  of  40  or  50  heavy  guns 
for  the  breaching  batteries. 

The  medium  allowance  of  ammunition  for  the  artillery  is 
1,000  rounds  for  each  gun,  and  800  for  each  heavy  mortar. 

These  estimates  are  of  a  very  general  character ;  and  are  intro- 
duced merely  to  give  some  idea  of  the  relative  proportions  in 
question. 
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CHAPTER  XIV. 


THE  PASSAGE  OF  RIVERS. 

Water-Courses  are  generally  the  most  important  and  usual 
obstacles  offered  to  the  march  of  an  army  ;  and  consequently 
from  the  most  remote  periods  armies  arc  found  carrying  with 
them  tin- materials  to  construct  bridges  or  other  means  of  crossing 
rivers. 

The  materials  made  use  of  arc  of  various  kinds.  Sometimes 
boats  made  to  be  taken  apart  f  r  transportation,  sometimes  trestle- 
work,  and  sometimes  a  flooring  supported  on  boats,  rafts,  or 
inflated  vessels. 

In  France  copper  pontoons  were  in  use  in  the  times  of  Louis 
XIV.  ami  XV.  (fribeauval  substituted  boats  for  the  pontoons, 
which  gradually  disappeared. 

bridges  constructed  of  the  materials  found  on  the  spot  are, 
however,  much  more  frequently  mentioned  than  those  made  from 
such  a.H  were  already  prepared  and  carried  with  armies. 

Under  Louis  XIV.  the  bridge  equipage  was  placed  in  charge 
of  the  artillery,  where  it  still  remains;  it  being  considered  that  a 
corps  which,  like  the  French  artillery,  has  charge  of  such  a  large 
number  of  workmen,  teams,  and  supplies  of  different  kinds,  and 
which  is  itself  so  much  interested  in  having  stable  bridges,  should 
have  the  control  of  their  construction.  The  pontooneers  form 
now  in  the  French  service,  a  regiment  of  artillery.  In  the  United 
States'  service  they  are  confined  exclusively  to  the  engineer 
Corps. 
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A  river  flowing  in  front  of  an  army  forms  a  natural  fortifica- 
tion, and  compels  an  enemy  to  approach  with  a  contracted  front 
in  order  to  cross  it ;  whilst  in  rear  it  presents  a  grave  obstacle  to 
a  successful  retreat.  Its  importance  however  is  much  diminished 
in  both  views  6ince  the  great  improvements  made  in  the  construc- 
tion of  bridges.  Skillful  generals  have  usually  overcome  the 
obstacles  of  this  operation,  either  by  surprise  or  by  forcing  rapidly 
a  passage. 

In  Surprising  a  Passage  the  attention  of  the  enemy  is  distrac- 
ted by  false  attacks,  which,  obliging  him  to  divide  his  forces, 
allow  the  passage  to  be  made  at  points  deprived  of  troops,  or 
badly  defended.  In  the  celebrated  passage  of  the  Rhine  by  Gen. 
Moreau,  in  1793,  five  different  attacks  were  made. 

In  Forcing  a  Passage,  a  commanding  position  is  chosen  at  a 
point  where  a  stream  makes  a  sharp  re-entering  angle.  Strong 
batteries  are  established  there,  crossing  their  fire  on  the  salient 
made  by  the  opposite  bank.  The  fire  of  these  batteries,  being 
converging,  is  formidable  against  tho  enemy,  whose  fire  is 
divergent,  and  whose  artillery  concentrated  in  a  small  space  is 
more  easily  destroyed,  or  silenced  and  forced  to  retire.  The 
troops  are  then  advanced  under  cover  of  the  fire  of  the  artillery, 
and  thrown  across  to  the  opposite  bank. 

When  a  river  is  from  400  to  600  yards  wide  it  is  very  difficult 
to  make  the  passage  except  by  a  surprise,  unless  there  are  islands 
the  possession  of  which  favors  the  construction  of  the  bridge  ;  for 
tho  enemy,  placing  himself  at  400  yards  from  the  end  of  the 
bridge,  could  destroy  the  attacking  party  by  afire  of  grape,  with- 
out the  latter  being  able  to  do  much  mischief  at  a  distance  of 
from  800  to  900  yards,  however  numerous  his  artillery. 

The  most  favorable  time  to  force  the  passage  of  a  river,  is 
just  at  the  break  of  day.  All  the  preparations  having  been 
made  the  preceding  night  without  the  knowledge  of  the  enemy, 
an  entire  day  remains  in  which  to  effect  the  possession  of  the 
opposite  bank. 

The  passage  of  a  river  in  retreat  presents  the  greatest  difficul- 
ties. Many  instances  might  be  cited  where  small  streams  have 
caused  the  ruin  of  considerable  bodies  of  troops. 

The  most  advantageous  point  for  an  army  in  retreat  to  pass  a 
river,  is  where  it  forms  a  salient,  and  the  bank  to  be  abandoned  h 
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commanded  by  the  other;  fur  then  the  troop*  and  artillery  tin»t 
pu^cd  over  can  eroiw  their  fire  in  frunt  of  the  bridp*,  keep  the 
enemy  at  a  distance,  and  protect  the  movement*  of  the  tr«M»pa. 

Thf  }xi4*<uj<  of  a  river  is  ojywti  by  destroying  the  bridges 
an<i  other  incaiii  of  crowing,  which  may  cxi»t ;  by  ct.tahliidiiiif* 
rv-ervi  *  in  central  j»oMtionK  h»  a*  to  be  able  to  move  them  again*! 
the  enemy  at  any  required  point ;  but  a  parage  can  be  effectually 
opjMuMxl,  only  to  an  extent  which  in  within  a  day'*  march  for  the 
trooj*..  l/pon  the  point*  menaced,  batterie*  of  large  caliber  are 
corn-cut  rated,  and  made  to  converge  and  ennw  tlu  ir  fire  uj»on  the 
enemy  and  hi*  works.  If  time  j>crmiu,  thi*  artillery  fthould  bo 
prote<  ted  by  a  parapet,  11  feet  thick,  and  2J  high.  Solid  shot 
and  nhcll  chould  be  fired  in  ricochet  against  the  bridge  if  estab- 
lished, and  every  attempt  made  to  *ink  the  boat*  of  the  enemy. 

\ln  i).Ns»«H«Asr>:. — A  careful  reconnoi**aiice  of  the  river  should 
preeedc  all  kiudii  of  passage  or  navigation. 

I)ata  with  regard  to  the  eourw  of  the  river,  it*  l>cndfl,  aource, 
and  mouth,  bhould  be  collected,  and  the  part*  which  flow  through 
the  enemv'n  country  l>c  dipieovcrvd. 

Aoeertain  if  it  i*  navigable,  to  what  distance,  and  by  what 
kind  of  boat*;  any  dangcrom  placet  it  may  have  in  it ;  the  chan- 
nel* which  arc  to  be  followed,  if  there  are  more  than  one;  whether 
bridal  or  not,  and  if  *>,  the  height  of  thi>e  above  the  water; 
the  choaN  and  whirlpool*. 

Keel*  or  shallow  water  where  boat*  are  likely  to  ground,  are 
recognized  by  a  kind  of  ripple  in  the  water. 

\Vhirl|".oU  an*  cavitim  in  which  the  water  i*  precipitated, 
turning  and  pinking  b<  low  the  level  of  the  surrounding  water. 
They  are  very  dangerou*  in  nav lotion. 

The  vel«*-ity  of  the  water  >■»  not  utiifonn  all  am»M  the  Mrvam. 
It  in  the  greatest  in  tin*  r\trr-  where  the  wa'er  U  the  dc«j<e*t,  and 
diii>ini»hc«i  toward*  e.irh  id  j  ore.  Tlie  de.-jM^t  part  i*  call»<d  the 
naviguhlc  channel.  The  current  i*  »hown  by  an  incrcaAcd  height 
in  the  water.  Hi  vera  are  cited  where  the  current  is  a  yard  higher 
than  the  water  near  the  hank*. 

7"  *l*t*rtniu*  f/i/  r*l***ity  of  the  river,  a  light  body  whieh  will 
float  is  thrown  in  ;  a  haac  i»  measured  on  the  bank,  and  the  time 
taken  to  pas*  ot  er  thi«  distance  in  twict?  noted,  and  the  mean 
Ukcn.  Dividing  the  length  of  the  ba-c  line  by  the  time  reduced  to 
aecooda,  give*  the  velocity. 
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If  the  current  is  far  from  the  banks,  two  skiffs  are  anchored 
in  it  at  a  known  distance  apart,  and  the  process  gone  through 
with. 

The  log  line  may  also  be  made  use  of.  For  this  purpose  the 
float  is  attached  to  a  6mall  line  which  is  unwound  so  rapidly  as 
to  prevent  its  arresting  the  movement  of  the  float.  The  length  of 
the  cord  run  out  at  the  end  of  a  given  time,  is  measured. 

The  velocity  not  being  the  same  throughout  the  mass  of  the 
current,  if  the  mean  velocity  is  desired,  a  stick  weighted  so  as 
nearly  to  touch  the  bottom,  will  be  used  as  a  float. 

What  is  called  a  slight  current  shows  a  velocity  of  1.6  ft. 
per  second  ;  an  ordinary  current,  from  2.6  feet  to  3.2  feet ;  a  rapid 
current,  from  4.9  feet  to  6.6  feet ;  a  very  rapid  current,  from  6.6 
•  feet  to  9.9  feet ;  an  impetuous  current  which  nothing  can  resist, 
9.9  feet,  and  beyond  that. 

Rivers  are  more  rapid  the  straighter  their  banks  become.  The 
velocity  is  not  the  same  at  all  seasons.  The  velocity  of  the  cur- 
rent  should  be  known  for  high,  mean,  and  low  water  mark ;  as 
also  the  difference  of  level  in  the  different  stages  of  the  water. 

The  influence  and  extent  of  the  tides  should  be  ascertained,  as 
also  the  direction  of  the  prevalent  winds,  the  position  of  dams, 
sluices,  and  dikes,  and  their  object.  Whether  the  destruction  or 
these  will  produce  inundations,  or  fords  by  decreasing  the  depth 
of  water. 

Find  whether  the  stream  is  liable  to  sudden  freshets,  and,  if 
60,  at  what  seasons.  Freshets  occasioned  by  the  melting  of  snow 
occur  first  in  March  and  April,  and  afterwards  in  July  and 
August. 

Freshets  are  shown  by  an  increase  of  velocity  in  the  water, 
which  is  disturbed  from  the  bottom  of  the  stream,  throwing  up 
mud,  <fec. 

The  right  bank  is  on  the  right  hand  looking  towards  the 
mouth,  and  the  left  bank  the  opposite  side.  Sometimes,  the  winds 
from  down  the  river  acting  against  a  freshet  and  then  going 
down,  a  flood  of  water  is  created,  which  may  cause  accidents  and 
frequently  inundations. 

Ascertain  at  what  seasons  the  ice  forms,  and  the  strength  of 
it.  The  breaking  up  of  ice  often  causes  sudden  freshets,  the  water 
having  been  dammed  up  by  it. 

The  more  rapid  the  current,  the  heavier  are  the  bodies  which 
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the  stream  will  carry  down.  Heavy  stones  and  pebbles  are 
washed  down  in  a  mountainous  country ;  and  in  a  level  country 
the  velocity  of  the  water  is  known  to  be  so  much  the  less  as  the  sand 
deposited  by  the  current  becomes  finer.  The  inspection,  then,  of 
the  bed  of  a  stream  will  determine  to  a  certain  extent  the  velocity 
of  the  current. 

It  should  be  ascertained  whether  the  bottom  is  rocky,  pebbly, 
or  composed  of  angular  stone,  which  would  render  it  impractica- 
ble at  the  fords  for  horses  and  carriages  ;  whether  it  is  formed  of 
gravel,  earth,  shifting  sands,  or  reeds,  which  latter  may  be  thick 
enough  to  interfere  with  the  passage  of  boats. 

Everything  which  tends  to  diminish  the  velocity  of  the  water 
causes  the  precipitation  of  the  earthy  matter  which  it  contains. 
The  resistance  offered  by  the  waters  of  the  sea  to  the  current  of  a 
ftream  flowing  into  it,  causes  the  formation  of  bars  at  the  mouth, 
which  interfere  very  much  with  navigation.  Such  bars  arc  often 
formed  at  the  mouths  of  the  branches  of  a  river. 

The  existence  of  islands  in  the  river  should  be  ascertained,  as 
well  as  their  extent,  whether  wooded  or  not,  and  the  facilities 
they  present  for  either  attack  or  defense. 

A  stream  is  said  to  be  emhaiJced  when  the  banks  are  consider- 
bly  above  the  level  of  the  water. 

The  width  of  a  stream  is  determined  bv  stretching  across  it  a 
light  cord,  which  is  graduated  by  tying  knots  along  it.  If  this 
means,  which  is  the  most  accurate,  cannot  be  employed,  and  it  is 
impossible  to  cross  the  river,  the  width  is  determined  by  the  aid 
of  two  similar  triangles,  con- 
structed by  means  of  stakes" 
and  a  common  square,  with  a 
cord  attached  for  determining 
the  direction  of  the  sides. 

For  this  purpose  a  point,  A, 
Fig.  2J>5,  is  selected  on  the 
upj>osite  side  of  the  stream,  and 
a  pole  is  planted  at  some  j>oint, 
B,  on  the  observer's  side.  The 
small  side  of  the  square  is  then 
placed  in  the  direction  B  (\ 
and  the  direction  of  the  long  fi,  »a. 


A 


« 

\ 


\ 
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arm,  B  D,  Btaked  out  to  any  convenient  length.  The  square  » 
now  placed  with  the  angle  at  D,  the  short  arm  on  D  B,  and  the 
perpendicular  direction  D  E  marked  out.  From  E,  the  point  A 
is  sighted,  and  a  man  stationed  on  the  line  B  D  plants  a  pole  ti 
F,  by  direction  of  the  observer  at  E. 

The  triangles  A  B  F  and  FDE,  give  the  proportion  P F : 
D  E  : :  B  F  :  A  B. 

The  first  three  lines  being  measured,  the  fourth  result*  from 
the  proportion,  and  from  it  the  distance  B  C  must  be  subtract*-! 
to  get  the  width  of  water. 

The  form  of  the  bed  of  the  stream  is  determined  by  sr.undinr 
with  a  graduated  pole  or  line  at  known  distances  from  the  *1kc*. 

The  variations  in  the  level  of  the  water  can  be  ascertained  by 
observing  the  height  on  stakes  driven  into  the  bed  near  tic 
shore. 

It  is  noted  whether  the  banks  are  steep,  if  they  are  very  hict 
or  not,  and  if  they  present,  within  range,  points  advantageous  :Vr 
attack  or  defense. 

Some  streams,  especially  those  subject  to  great  swells*  oft*t 
change  the  direction  of  their  waters. 

Rivers  with  low  banks  often  overflow  to  a  considerable  dis- 
tance. The  presence  of  dykes  or  levees  indicate  that  a  river  is 
subject  to  floods,  and  the  extent  of  the  inundations  should  W 
ascertained. 

It  should  be  known  whether  the  borders  of  a  stream  an? 
marshy,  and  to  what  extent. 

The  branches  of  the  river  should  be  similarly  examined,  espe- 
cially those  which  flow  through  the  enemy's  country. 

Examine  such  bridges,  ferries,  fords,  &c,  which  exist  on  \bt 
stream  or  its  branches,  and  which  may  offer  the  means 
crossing. 

All  these  data  serve  to  determine  the  manner  in  which  tb? 
passage  is  to  be  effected,  after  considering  the  disposable  resource 
and  the  time  that  can  be  spared. 

Streams  may  be  passed,  1st,  by  swimming  ;  2d,  upon  the  ice; 
3d,  at  a  ford ;  4th,  on  floating  movable  bodies ;  or  5th.  ca 
bridges. 

The  most  perfect  order  should  be  maintained  in  these  differvD* 
operations.    Care  should  be  taken  to  give  the  banks  a  gentle  slope 
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at  the  ending  |M>»ntt  in  order  to  rentier  the  approached  eaay  for 
the  hurMn  and  carrinp  h,  and  with  the  Mine  idea  a  |n»int  is  cluwu 
where  the  stream  in  an  easily  accei^ihlc  a*  potthihle. 

Swimmijh,.  l*«t.  The  pa*Mip.»  by  *wimming  ran  he  kucccwu 
fully  effected  only  when  the  troop*  haw  bwn  instructed  in  the 
art.  In  F ranee,  the  regulation*  prescribe  hwimming  a>  one  of  the 
excrei-e*.,  whilst  in  thi.*  eon  n  try  it  i*  entirely  neglected. 

Tlte  exjHTimentn  made  with  companies  of  swimmer*,  fully 
demonstrate  the  important  result*  whieh  could  be  obtained  by  a 
laxly  nf  infantry  well  instructed  in  Hwimming. 

Cavalry  can  \>n**  by  *wimming,  much  more  cattily  than  infan- 
try, a*  the  h»>r>e  »wim*  naturally.  All  that  ia  required,  Knot  to 
<>]>I*»e  him  too  much  in  hirt  movement*,  and  to  pa>*  in  a  direction 
oblique  enough  to  prevent  the  current  petting  too  great  a  pur- 
chase ii|M>n  him. 

It  i*  Mated  that  an  army  once  ending  the  Hhinc,  found  it 
fordable  except  for  about  1  •  m »  yard-,  an<l  that  several  horx  inen 
ha\ing  b»t  their  live*  in  attempting  to  *wim  it,  the  n>t  roorted 
to  the  expedient  of  ending  with  a  squadron  front.  The  men 
mutually  *u»uincd  eaeh  other,  reached  tlie  opp>*ite  bank  with- 
out be**,  and  di»j»er*cd  the  enemy.  All  the  cavalry  pa^cd  in  the 
Mine  way. 

Sometime*  the  hor*»*  onlv  are  made  to  swim,  that  if*,  without 
their  rider*,  and,  being  left  to  themselves  follow  other*  which 
are  led  by  men  in  h-»:tt*.  In  disembarking  horse-,  they  are  nunc- 
time*  put  ovrrb«>ard,  and  find  their  way  to  *horv  without  further 
a»*i  Malice. 

<  >>  In:.  Thi«  mean*  of  cn»*-ing  a  Mroam  i»  very  pruariou*, 
a*  the  ice  may  b"  broken  up  by  a  change  of  temjMTature.  and  the 
communication  between  the  two  p.rtioii*  of  an  army  interrupted. 
The  pa»*agc  mii<t,  be-ides  be  made  with  the  gre.*t.  M  prec  aution 
and  order.  ti>  prevent  terrible  accident*  whieh  would  result  from 
the  ice  gi*ing  way,  «hould  it  be  overload* d. 

Ice  fn>m  ;t  to  in.  thick  will  MiMain  infantry  wh.-n  march- 
ing by  file.  With  a  thiekm-**  of  4..'i  in.,  ea\alry  ami  liirht  pun* 
can  pa-*  over.  With  '»  in.,  heavy  field pi.ve* ;  h  in.  will  •upjH.rt 
LM  pdr.  pun*  on  *ledgcs  with  a  weight  not  greater  than  1,<mh»1U 
to  the  *juare  font.  Iteyond  this  the  largest  can  be  taken.  For 
greater  security,  the  wheel*  may  t>e  fixed  on  thick  plank,  with 
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iron  clamps,  and  the  pieces  drawn  across  by  hand,  the  horse*  I*- 
ing  unharnessed  and  led  over. 

The  ice  should  always  lie  flat  upon  the  water,  otherwise  tl< 
passage  is  not  secure. 

In  very  cold  weather  the  thickness  of  the  ice  may  be  incrt-a**! 
by  covering  it  with  a  layer,  of  6traw  or  fascines,  and  throwing 
water  over  it. 

If  straw  or  fascines  cannot  be  had,  two  rows  of  logs  or  beam* 
are  laid  on  the  ice  at  a  distance  apart  equal  to  the  width  of  tt<? 
passage,  a  layer  of  earth  thrown  in,  and  on  top  water  is  thrown. 
The  operation  repeated  from  time  to  time  till  a  solid  roadwtj 
is  formed. 

To  prevent  accidents,  boards  or  straw  are  placed  under  ti* 
wheels  and  the  horse's  feet ;  an  interval  of  twenty  pace*  U  left 
between  the  carriages ;  and,  in  case  the  ice  is  not  6trong  enough  r*. 
pass  them  over  on  their  carriages,  the  heaviest  pieces  will  U 
placed  on  sleds. 

During  the  first  part  of  the  passage  loud  cracks  will  be  heari, 
but  they  indicate  no  danger  unless  water  should  be  seen  comii^ 
through  the  fissures. 

In  the  winter  of  1794—5,  the  French  army,  passing  over  the 
frozen  Zuyder  Zee,  captured  the  Dutch  fleet  with  their  liglt 
cavalry. 

3d.  Fording. — The  fords  on  a  river  are  very  important  point* 
for  crossing,  in  time  of  war,  either  a  small  detachment  or  a  whole 
army. 

The  best  are  those  with  a  firm  solid  bottom.  In  mountainoo* 
countries  they  are  apt  to  be  encumbered  with  large  stones,  which 
render  them  impracticable  for  carriages.  In  a  flat  country  tU 
bottom  is  frequently  composed  of  mud  or  fine  sand,  which  is  worn 
away  by  the  horses'  feet,  and  it  sometimes  happens  that  after  % 
passage  is  effected  the  ford  is  destroyed. 

In  very  rapid  streams,  or  those  subject  to  sudden  freshet*,  the 
fords  are  variable  in  position  and  depth,  and  can  be  but  link 
depended  on. 

The  ordinary  depth  for  infantry  to  ford  is  about  39  incites, 
though  when  the  current  is  not  too  strong,  the  men  can  pas*  at  a 
depth  of  51  inches.  For  cavalry,  the  ordinary  depth  is  51  inches 
and  for  artillery,  27.5  in.  when  the  ammunition  boxes  are  at  their 
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u*ual  ln-iifTit  (34  in.V  and  n<»t  watertight.  If  they  are  water- 
tight, it  have  hern  railed  sufficiently,  the  rarriap-i*  can  rn«s»*  with 
a  depth  of  4« ►  inehe*. 

When  the  water  in  deep  and  the  current  rtronjr.  pvat  euro  in 
m-n-arv,  especially  in  ]«ti^-in^r  over  artillery.  The  pci>on  e..n 
ductinira  <•« *1  urn ii  over  a  direct  ford,  •diotild  keep  hi.-*  eves  Meadily 
fixed  on  Hiiin-  ohje.t  on  the  opposite  hunk,  near  the  point  where 
tlif  n»:i»l  have*  the  water.  He  idmuld  not  look  at  the  *t ream, 
which  would  deceive  him  hy  Hj»| mtiHii^  to  carry  him  down. 

All  tho-c  in  rear  idiould  keep  their  c\ <•■»  on  tho»e  in  front. 

In  order  to  rrM-t  tin-  ]*»wer  of  the  ttream,  it  in  neeee-anr  to 
wade  rather  apiimt  it. 

Whi  n  the  h.ittoni,  or  the  hank  on  the  opposite  snio  i*  hail,  the 
lea-h  n-  tin-  rear  rarriap**  are  hitched  to  tho»e  in  front,  and  an 
officer  Rationed  at  the  entrance,  ami  one  « »ri  the  op|N*ite  »ide. 
The  t!r->t  cau>»  ■<  the  driver*  to  »ih-erve  the  distance*,  ami  direct* 
tlii-iii  h<»w  to  drive  acr"*-»,  while  the  Kecnd  *how*  them  how  to 
leave  the  ford.  • 

The  hor-c-  nhoiihl  not  !k?  allowed  to  ilrink,  halt,  or  trot,  either 
in  pa--in;»  the  t"* »r*I  or  in  leaving  it,  mile**,  there  heinp  in»  enemy 
in  the  front,  tlie  »tn*am  i*  a  email  one.  neither  deep  n«»r  rapid,  and 
with  no  tr«"»p*  waiting  in  the  rear  to  en--*  ;  in  whieh  ciw  the 
h<>r»*  mar  he  allowed  to  drink  while  in  the  water. 

- 

The  *h"uM  he  made  w  ith  a-,  larje  a  front  a>  j*o*Mhlct 

ami  the  le:nlin^earTi.ii'e*,aftiT  reaching  the  ..j.jM^ite  hank,  ►h.'idd 
move  a  i-nffieient  di-tance  ahead  i-o  a>  n.«t  to  interfere  with  the 
rear  earria^ 

A  stream  i-  ^ni<  time*  found  fordahle  all  the  way  aero**  ex- 

rept  f..r  a  ehort  di-tui  ,  either  from  the  natural  depth  of  water 

at  that  place,  or  fp.in  the  en. my  having  rut  a  ditch  there.  In 
thij*  e;^e  it  Woinc*  miN^ary  to  thn.w  in  a  tilling  nf  fa-*  inea 
loaded  with  *tonr«,  and  laid  up  and  down  Ft  ream,  or  h..\«-»  or 
pilii>'ti«  till^l  with  ►torn*  and  ».4ii«l,  until  the  depth  of  water  i* 
hiiiYn  ientlv  n-duccd.to  a  width  of  at  h  n>t  four  or  five  vani#. 

The  j-oMte'!)  of  a  f.pl  U  known  hy  the  information  derives! 
fp'tn  the  inhalotant-  in  the  vieinit\  ;  hy  the  w  h^  I-trac k»  on  the 
hank  and  in  the  water;  hv  the  inc reaped  velocity  of  the  current, 
or  hre:nhh  of  the  rtreaiu  ;  or  hy  a  d<»uhte  ehanp'  in  tlie  dire**ti«»n 
of  the  road  maile  in  a  nhort  distance.    In  thi*  lait  cam4,  the  ford 
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runs  diagonally  from  one  bank  to  the  other.  They  are  sometime 
found  above  bridges,  above  or  below  a  bend,  and  at  or  near  U*r 
mouths  of  streams. 

The  best  way  to  discover  and  examine  a  ford,  is  to  descend 
the  stream  in  a  small  boat,  to  which  is  attached  a  sounding-line  in 
such  a  way  that  it  can  go  under  water  to  a  depth  of  39  in.  ->r 
51  in.,  according  as  a  ford  for  infantry  or  cavalry  i3  sought  f^r. 
The  line  should  carry  a  float,  which  appears  above  the  sun»« 
when  the  lead  touches  the  bottom. 

On  the  lead  touching,  the  boat  is  stopped,  and  other  fonUKi? 
points  sought  for  in  every  direction  ;  the  points  touched  by  the 
lead  are  marked  by  stakes  forced  into  the  bed  of  the  stream,  ti* 
operation  being  continued  all  the  way  across.  Two  row* 
stakes  are  established,  showing  the  direction  and  breadth  of  the 
ford.  To  render  the  limits  of  the  ford  more  apparent,  cord*  in- 
stretched  along  the  stakes,  which  serve,  besides,  to  assist  tho*e 
who  lose  their  footing,  or  are  carried  down  by  the  current  TLi- 
is  especially  .necessary  in  passing  a  ford  at  night,  when  torches  <-r 
lanterns  are  often  fastened  to  the  stakes.  If  the  water  is  shalh/r, 
the  stakes  and  cords  may  be  dispensed  with. 

A  ford  may  also  be  discovered  by  using  graduated  pole*  S-r 
sounding.  The  Cossacks  seek  a  ford  in  this  way.  They  sprwui 
themselves  along  the  bank  of  a  stream,  sonnding  it  with  th*-:r 
lances.  As  soon  as  one  discovers  the  ford,  the  rest  join  him,  aiii 
soon  find  out  its  breadtli  and  direction. 

When  the  situation  of  a  ford  has  been  discovered,  and  lvef<.«rf 
the  crossing  is  attempted,  it  should  be  explored  by  boatmen  »-r 
good  swimmers,  and  repaired  if  necessary.  Should  the  enemy 
have  dug  ditches  or  trous  de  loup  they  should  be  filled  up  with 
gravel,  or  fascines  loaded  with  stones.  Should  they  have  sunt 
obstacles  in  the  water,  they  are  removed  with  levers  having  hook* 
at  the  end  of  them.  Should  crows- feet  or  any  thing  of  the  kin^i 
have  been  spread  along  the  bottom,  they  should  be  covered  up 
with  fascines  or  hurdles. 

If  the  current  is  strong  a  rope  should  be  stretched  above  the 
ford  and  supported  on  empty  barrels.  Cords  arc  tied  to  tluX  ar.»i 
have  attached  to  them  buoys  or  pieces  of  light  wood,  which  th* 
men  who  lose  their  footing  can  catch  hold  of. 

Ths  passage  is  commenced  by  the  infantry  in  columns  wf 
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platoon*  At  nearly  tin*  full  dUtancc.  The  artillery  next,  and 
the  cavalry  la;»t.  Thin  order  i*  followed  hecause  the  lnnvc*' 
f«—t  hollow  out  and  cut  up  the  ford  very  much.  Tlic  soldiers 
advance  the  up-trcam  hhoulder  and  carry  the  ami  on  that  side. 
The  cartridge  hox  tdionld  he  placed  on  top  of  the  kiuiJ>Mick  to 
pn.t-et  the  ammunition  fn»m  wet.  The  men  idiould  keep  their 
eve:*  steadily  fixed  iij-on  the  oppo-ite  hank,  and  not  tipai  the 
current,  which  Mould  mi-had  them. 

Sometime-  cavalry  i*  crowed  nh»n^  the  "upper  hide  of  the  ford 
to  hreak  the  force  of  the  current,  whiM  more  are  p.-w.-d  over  on 
the  lower  fide  to  aid  the  men  who  may  he  carried  down  the 
stream.  At  time-.,  especially  in  cold,  wet  weather,  the  foot 
M.ldi.  ■r*  are  carried  over  h»  hind  the  mounted  men.  In  fine,  the 
order  in  whirl*  the  pa-^-a^e  i*  made  may  he  changed  to  Miit  the 
circumstance-*  of  tlic  ea-e. 

In  pa— inj»  cavalry  over,  care  .-houhl  he  taken  to  rai»r  the 

hridle  hand-,  in  order  that  the  hor»c-  mav  p<t  the  laud;  othcrwi.-e 

their  m'itM  mav  heroine  di.-turhed  hv  the  current,  ami  tlu-v  allow 
■  .  . 

thcm-elvr-  to  he  drawn  down  the  r*trcam. .  Thcv  rdioiild  not  he 
allowed  to  drink  cither,  which  would  produce  the  -*ame  cflVvt. 

It  i*  not  prudent  to  attempt  the  pa.^a^e  of  a  ford  during  a 
swell,  nnh-.-  it  i-  certain  that  all  the  troops  can  p  t  acr  ->*  hefore 
the  fonl  heroine*  impnictirahle. 

A  f«ml  cannot  he  cou-idcred  an  a  certain  mean*  of  communi- 
cation for  an  army,  a"  a  rainstorm  or  htn.n-  fre-het  may  destroy 
it,  or  render  it  imprnrtic  ahlc. 

In  r»'tn*atin^  ford-*  are  d.-t  roved  hv  cutting  ditrhc  arn-» 
them,  or  ►inking  //>»/*  J<  \<>up  ;  hv  tprcading  ah-n^  the  tnittom 
er«>w- fet-t  »t'our  pointed -pike-,  thn  r  of  w  l.ii  jj  p-ri.-k  in  the  ^nmnd 
whii-t  the  fourth  remain-  up  ;  hv  fjxinr;  in  the  wuter,  with  *tron^ 
ph-kt  N  and  Top.-,  «'oTninoii  hnrrow>.  plunk-,  or  tahh  ■»  hri-tlin^* 
with  fpik««4  witl«  their  jH.int-*  np;  hy  ty  in^-  toother  and  »irikin£ 
tr»'<-\  the  hranche*  of  which,  tunn-d  towanU  the  en»rn\,ha\f 
he«  n  h'pjtil  otr  and  j«»irited;  hv  -inking  v\,t-\ eaux  <!••  fri»r ;  the 
l>c-t  method  of  M-rtirin^  thr*e  la-t  oh-trurtion*  j»  to  fix  to  them 
when  in  {Motion,  ratn  a*  ha***  f i  1 1 « - 1  w  ith  stone;  and,  la*t  of  all, 
the  hank  .opposite  the  fonl  i*  rut  down  r*tecp. 

4th.  Kiniiit-  Tl>e  pa-a^r  in  hoat*  may  Ik-  rffi-etcd  either  in 
the  pn  -enre  of  an  enemy  or  hv  snrpri-c,  in  onler  to  protect  the 
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construction  of  a  bridge ;  or,  it  may  be  effected  by  isolated 
of  greater  or  less  strength,  in  which  ease  the  passage  is  perforate: 
much  more  rapidly  than  when  it  is  necessary  to  construct  i 
bridge,  and  then  break  it  up  again. 

In  the  absence  of  a  regular  bridge-equipage,  the  coning 
boats  found  on  the  river  in  the  vicinity  are  seized,  and  taken 
the  point  selected  for  the  passage.  This  duty  is  done  by  b..i:- 
men,  escorted  by  light-cavalry,  and  provided  with  ropes  an«i 
requisite  tooU.  The  movement  should  be  well  disguised  anO 
rapidly  executed,  as  the  enemy  may  sink  the  boats,  or  run  xhtiu 
aground  on  his  own  side. 

To  float  a  submerged  boat,  two  others  are  used,  one  on  cacl 
side,  with  an  interval  between  them  greater  than  the  width  <.►:  tLr 
sunken  one.  They  are  lashed  together  by  laying  a  couple  ■  : 
beams  across  their  gunwales,  near  the  prows  and  sterns,  m.1 
firmly  fastening  them.  The  boats  are  kept  in  place  by  fixing 
anchors,  both  up  and  down  stream  ;  a  rope  or  chain  is  pa*eoi 
under  the  prow  of  the  sunken  boat,  and  as  far  back  as  it  will  p< 
One  end  of  this  is  fastened  to  one  of  the  side  boats,  whils-t  tr  «_* 
men  in  the  other  boat  pull  on  the  other  end  until  the  boat  ri?<>. 
when  the  rope  is  fastened  to  the  nearest  beam ;  and  the  san 
plan  is  pursued  at  the  6tern,  until  the  boat,  coming  to  the  surf:»cv 
is  bailed  out  with  buckets,  tubs,  &e. 

Another  method  is,  to  pass  two  ropes  under  the  bottom  of 
sunken  boat,  and  make  them  fast  to  those  alongside.  Tlic>o  arv 
then  partly  filled  with  water,  the  ropes  being  tightened  as  thoy 
go  down.  The  water  is  then  bailed  out  of  the  side-boats,  nn*l 
they  rise  bringing  the  other  with  them.  Repeat  the  operation  J 
necessary,  until  the  boat  reaches  the  surface. 

If  the  boats  are  simply  stranded  on  the  shore,  the  water  aij.i 
mud  which  they  contain  is  bailed  out. 

If  they  arc  only  partly  sunk,  with  their  gunwales  above  \rat»  r, 
or  only  a  little  under,  they  are  drawn  into  shallower  water,  a.L«i 
emptied  as  before. 

Auger  or  bullet  holes  are  stopped  with  conical  plug.  T1k-< 
made  with  an  ax  or  cannon-balls,  with  tow  soaked  in  meluii 
tallow,  and  kept  in  place  by  strips  of  boards  nailed  on  the  in>iiit- 
of  the  boat. 

The  boats  having  been  collected  at  the  designated  point,  the 
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capacity  of  each  one  is  determined,  and  if  time  permits,  they  are 
numbered. 

The  largest  boats  have  the  most  stability,  and  arc  least  liable 
to  overset.  The  buoyancy  of  a  boat,  or  its  capacity  to  earn* 
weight,  is  obtained  by  subtracting  fronvits  weight  the  weight  of 
volume  of  water  it  displaces  when  the  gunwales  arc  level  with  the 
water. 

To  calculate  the  weight  which  a  boat  can  carry,  measure  the 
height  of  the  gunwale  when  afloat,  al>ove  the  water-line,  and  cal- 
culate tho  surface  of  a  horizontal  section  of  the  boat  taken  at  a 
distance  below  the  gunwale  equal  to  one  half  of  the  distance 
found.  Multiplying  the  two  expressed  in  feet  together,  will  give 
the  number  of  cubic  feet  of  capacity,  above  the  water-line.  The 
weight  of  a  cubic  foot  of  water  being  taken  as  62.4  lbs.,  if  a  ca- 
pacity of  212  cubic  feet  has  been  found,  we  will  have  13,22$  lbs. 
as  the  weight  which  the  boat  is  capable  of  carrying. 

But  as  it  would  be  dangerous  to  load  a  boat  with  its  gunwale 
down  to  the  water,  the  load  must  always  be  under  that  given  by 
the  calculation.  Hence,  the  calculation  can  be  made  accurate 
enough  for  practical  purposes,  on  the  spot,  and  with  the  eye. 

The  boats  should  be  accurately  inspected  with  regard  to  their 
solidity. 

The  lower  the  center  of  gravity  of  the  load,  the  less  liable  the 
boat  is  to  upset. 

The  distance  a  boat  is  forced  into  the  water  by  the  load  and 
its  own  weight,  is  called  its  draught  of  water.  The  draught  is  an 
important  point  of  consideration  on  streams,  the  beds  of  which 
have  reefs  and  shallow  water,  on  or  in  which  the  boats  may 
ground  or  upset. 

The  following  data  may  serve  to  calculate  the  contents  of 

Iniuts. 

A  man  completely  armed  weighs,  say  160  lbs. ;  without  arms, 
14*>  lbs.  Three  men  equipped,  can  stand  in  one  square  yard.  A 
horse,  by  himself,  weighs  1,000  lbs.,  and  with  his  rider  and  equip- 
ment*, l,22.r#  lbs.  He  occupies  a  space  of  40  inches  by  10  feet. 
Five  men  without  equipments,  occupy  a  space  of  one  square  yard, 
and  weigh  about  775  lbs. 

The  boats  having  been  numbered,  a  statement  will  be  drawn 
up.  showing  the  proposed  contents  of  each;  and  four  b  .-tt-n  ;! 
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and  a  pilot  be  assigned  to  each.    To  propel  the  boats,  oar-  vt  ': 
boat-hooks  are  used  ;  the  latter  are  poles  with  an  iron  point  at.«J 
hook  at  the  end.    In  the  absence  of  a  rudder,  an  oar  L»  u*cd 
the  purpose. 

On  tho  arrival  of  the  troops,  they  are  divided  into  plat^.--, 
and  the  chief  of  each  platoon  is  informed  of  the  number  oi  in* 
boat,  its  contents,  and  the  time  for  embarking. 

The  men  should  not  enter  or  leave  the  boats  in  close  orOcr. 
which  is  liable  to  upset  them.  The  infantry  enter  the  bi>*^»: 
the  prow,  the  men  seating  themselves  on  the  gunwale,  or  rt^tiij 
against  the  edge  of  the  boat,  commencing  at  the  stern  ;  the  car- 
tridge box  is  turned  to  the  front,  and  the  musket  held  betwvtt 
the  legs.  The  rest  of  the  men  remain  standing.  Should  there  I* 
but  little  water  in  the  river,  the  boats  will  be  pushed  out  to  av..;.i 
their  grounding,  and  the  men,  if  it  is  necessary,  wade  a  few 
in  before  entering  the  boat.  This  may  be  required  also  in  ili^m- 
barking.  The  men  are  ordered  to  remain  perfectly  silent  *r.«i 
motionless;  and  in  case  of  the  boat  striking  aground,  or  air*i-< 
any  object  and  leaning  over,  not  to  incline  too  suddenly  to  ti»- 
opposite  side,  which  might  upset  the  boat.  In  case  boatmen  «»: 
the  country  have  been  employed,  a  strict  watch  is  kept  over 
them,  to  see  that  they  perforin  their  duty  properly,  and  <lo  n<.-c 
escape.  They  have  been  known,  even  in  a  friendly  country,  i 
jump  overboard  to  escape  the  dangers  of  disembarking.  WitLin 
range  of  the  enemy,  the  men  should  have  their  arms  loadc«L  az.«: 
bayonets  fixed,  but  should  fire  only  when  directed  by  their  cvjj- 
mander. 

If  possible,  in  shallow  boats,  rows  of  planks  are  laid  in  k-ngtfc- 
ways,  in  order  to  seat  the  men.  This  lowers  the  center  of  graTin . 
makes  the  men  remain  more  quiet,  and  renders  the  navigati-n  .  : 
the  boats  easier  and  more  secure. 

In  the  United  States,  no  particular  boat  equipage  has  a-  v^z 
been  adopted  ;  but  the  bridge-equipage  boat  of  the  French  hai 
been  experimented  upon  in  connection  with  our  bridge  equipa^v. 
and  probably  would  be  used  were  an  emergency  to  arise,  regal- 
ing a  regular  boat  equipage  to  be  fitted  up.  It  is  about  31  tYv* 
long,  6  feet  wide  at  the  widest  part,  and  is  capable  of  reoeh  in^r 
25  infantry  soldiers,  besides  its  equipment,  and  the  men  t«>  w..rk 
it,  5  in  number.   They  can  be  employed  on  all  kinds  of  water 
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courses,  however  wide  or  rapid,  and  either  as  boat*  for  transport- 
ing troops  across  rivers,  or  in  disembarking,  or  as  floating  supports 
on  which  to  build  a  bridge. 

Fkknvii  IWts. — 'Hie  French  artillery  supply  any  want  of 
capacity  in  their  boat  equipage,  and  render  the  boats  less  liable 
to  upset,  by  connecting  together  two,  four,  or  even  six  of  them; 
forming  thus  a  (rain  capable  of  carrying  a  much  larger  number 
of  men  than  if  the  boats  were  separate.  The  four  extreme  knees 
of  these  boats  are  prolonged  up  above  the  gunwales.  Against 
these,  and  across  the  gunwales  of  two  boats  lying  side  by  side, 
are  placed  small  beams  to  which  these  projecting  knees  are 
lashed.  Four  of  these  boats,  wh  ich  ^v- 
when  single,  carry  only  KM)  men, 
arc  caj >able  when  connected  to- 
gether, as  shown  in  the  figure,  29o\ 

.    .  rt»-  »«• 

of  carrying  ISO.  The  principle  can  • 

be  applied  advantageously  to  nil  kinds  of  boats. 

These  (rain*  do  not  travel  as  fast  as  single  boats,  and  drift 
more.    The  men  remain  standing. 

To  pass  cavai.ky  over  in  these  boats,  six  men  are  placed  in 
each,  holding  by  the  rein  their  horses,  which  swim  over,  three  on 
each  side  of  the  boats.  If  the  current  is  very  strong,  but  three 
are  taken  at  a  time,  and  there  on  the  down-river  side. 

This  method  of  passing  a  stream  being  very  tedious  and  hurt- 
ful to  the  horses,  cs|>ccially  in  the  winter,  they  are  parsed  over  in 
large  boats,  when  they  can  be  had.  For  this  purpose  a  flooring 
of  thick  planks  is  laid  in  the  bottom  of  the  boat,  to  protect  it 
from  the  feet  of  the  horses. 

They  should  be  placed  head  and  tail  across  the  boat,  each 
man  holding  his  horse  by  the  bridle  near  the  bit.  It  is  very 
dangerous  to  place  them  lengthways  in  the  boat. 

A  ramp  of  thick  planks  if  constructed  at  the  bow  of  the  boat 
to  assist  the  horses  in  entering. 

Tiik  Aictii.i.kuy  is  placid  in  dismounted,  unless  the  form 
of  the  boats  admits  of  the  transportation  of  the  guns  on  their 
carriage*.  Sometimes  it  is  carried  by  uniting  two  or  more  boats 
by  a  platform.  This  rentiers  the  dismounting  of  the  guns  unneces- 
sary, and  the  passage  more  rapid. 

To  prevent  accidents,  the  liver  should  be  sounded  at  the  place 
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where  it  is  to  be  crossed,  in  order  to  be  certain  that  no  reefs, 
shallow  water,  or  whirlpools  exist,  which  might  endanger  the 
safety  of  the  boats.  If  a  river  is  divided  into  several  channels, 
the  largest  should  be  followed. 

The  heaviest  objects  should  always  be  placed  in  the  bottom  of 
the  boat.  Such  as  would  be  damaged  by  water,  as  arms,  ammu- 
nition and  provisions,  should  be  raised  high  enough  above  the 
bottom  to  keep  them  from  getting  wet,  and  covered  with  canvas 
or  tarpaulins. 

Navigation. — If  instead  of  simply  crossing  a  river,  the  troops 
are  to  be  transported  some  distance  by  water,  the  number  of  men 
in  each  boat  is  diminished,  so  that  all  may  be  comfortably  seated, 
and  a  small  boat  should  precede  the  rest  to  reconnoitre  the 
stream. 

A  river  with  an  inclination  of  — l—  is  easily  navigable,  and 
may  be  ascended  with  sails;  but  sails  alone  will  not  suffice  with 
an  inclination  greater  than  --'u-,  and  towing  becomes  indispen- 
sable. It  is  impossible  to  ascend  rivers  having  an  inclination 
greater  than 

For  difficult  passages  over  rapid  streams,  it  is  necessary  to 
employ  pilots  from  the  very  neighborhood,  or  run  great  risk  of 
disaster. 

In  descending  currents,  oars  and  rudders  are  used. 

In  ascending  gentle  currents,  the  boat-hooks  alone  may  be 
made  use  of,  but  in  more  rapid  ones  the  boats  have  to  be  towed 
by  men  or  horses. 

When  the  boats  are  united  in  a  train,  a  mast  is  raised,  the 
height  of  which  depends  upon  the  slope  and  height  of  the  bank. 
It  is  supported  by  guys,  and  has  fixed  at  the  top  the  loop  of  a 
rope,  to  which  is  fastened  the  rope  by  which  the  boat  is  pulled 
along.  The  height  of  the  mast  should  accord  with  the  stiffness 
of  the  boat  or  boats,  in  order  that  the  draft  upon  it  may  not  pnll 
it  over. 

To  cross  streams  filled  with  floating  ice,  very  strong  boats,  such 
as  may  be  made  out  of  a  single  tree,  are  required  to  resist  the 
pressure  ;  they  may  be  dragged  over  such  portions  as  arc  too  solid 
to  admit  of  canals  being  broken  through  them. 

To  open  a  communication  through  fixed  ice,  strong  barges,  if 
possible  moved  by  screw  propellers,  are  required.   Their  bows 
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must  be  well  protected  with  iron  plates,  and  they  should  be  pro- 
vided with  heavy  beams  to  be  raised  by  ropes  and  let  fall  upon 
the  ice  in  front ;  saws  may  also  be  used,  having  heavy  weights 
attached  to  the  end  under  water,  and  the  pieces  of  ice,  when 
detached,  may  be  hauled  out  of  the  water  by  ropes,  or  pushed 
under  the  solid  ice. 

Small  barriers  of  ice  which  interrupt  the  navigation,  or  cause 
inundations,  may  be  destroyed  by  turning  streams  of  water  upon 
certain  points,  so  as  to  melt  an  opening,  or  by  means  of  charges 
of  powder  in  water-tight  casks  or  bags,  h'xed  underneath  or  lodged 
in  holes  bored  in  the  ice,  and  fired  simultaneously.  A  charge  of 
0  lbs.  of  powder,  placed  in  the  center  of  ice  2  feet  thick,  will 
break  it  up  into  small  pieces  throughout  a  circle  of  20  feet  in 
diameter. 

Ice  and  snow,  well  rammed  together,  form  temporary  par- 
apets, capable  of  even  more  resistance  against  shot  than  those  of 
earth. 

5.  Rafts. — In  the  absence  of  boats,  rafts  may  be  used  for 
pacing  rivers.  They  possess  the  advantage  of  not  being  sunk  by 
the  fire  of  the  enemy,  but  they  are  very  tedious  to  construct. 

They  are  collections  of  the  bodies  of  trees,  ordinarily  of  light 
wood,  not  squared,  but  only  roughly  dressed  and  with  the  bran- 
dies cut  off  in  order  to  allow  of  their  being  connected  together. 
These  rafts,  ordinarily  rectangular  in  shape,  arc  kept  together  by 
cro.^-pieces,  fixed  beneath  by  pins  of  iron  or  wood. 

To  give  it  the  same  thickness  and  stability  throughout,  the 
lartre  and  small  ends  of  the  loirs  are  laid  alternately  on  each  side. 
Sometimes  it  is  formed  of  two  or  three  layers  of  logs  crossing 
each  other  at  right  angles. 

I  Lifts  made  of  light  timber  have  a  greater  floating  capacity  as 
tht  v  increase  in  size.  If,  for  instance,  the  wood  used  is  only  0.6 
the  weight  of  the  water,  each  cubic  yard  is  capable  of  supporting 
»'»7 o  lbs.  Rafts  which  remain  long  in  the  water  lose  their  buoyancy 
by  becoming  soaked. 

In  the  absence  of  light  wood,  any  that  is  at  hand  is  used,  and 
underneath  are  fixed  a  number  of  air  tight  casks  or  barrels. 

Rafts  may  be  made  of  empty  casks  placed  under  a  light  frame 
covered  with  hurdles  or  the  boughs  of  trees.  Leather  bags  inflated 
are  sometimes  used  in  Europe  in  the  same  way ;  and  in  Spain  Sir 
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Howard  Douglass  made  such  bags  of  the  skins  of  the  beeves  killed 
for  the  subsistence  of  the  troops.  He  had  them  cut  in  a  circular 
shape,  5£  feet  in  diameter,  their  edges  joined,  and  firmly  made 
fast  to  a  piece  of  wood,  and  inflated  this  bag  with  a  hand-bel- 
lows. The  air  was  retained  by  a  small  piece  of  leather,  which 
served  as  a  valve,  and  was  nailed  on  the  end  of  the  tube.  Tins 
bag  was  capable  of  supporting  a  weight  of  260  or  270  lbs.  It 
remained  very  well  inflated  for  5  hours,  and  at  the  end  of  a  day 
was  still  capable  of  supporting  about  130  lbs. 

The  buoyant  power  of  these  bags,  and  of  casks,  is  determined 
by  estimating  62  lbs.  for  every  cubic  foot  which  they  contain. 

The  dimensions  of  a  raft  can  be  easily  calculated,  knowing  the 
weight  it  is  to  support  and  the  material  at  hand  to  make  it. 

In  loading  a  raft,  great  care  must  be  taken  that  the  troops  go 
on  in  perfect  order ;  for  if  they  go  on  en  masse,  they  will  capsize 
it.  The  infantry,  marching  by  a  flank,  should  occupy  the  middle 
of  the  raft  throughout  its  entire  length.  Two  other  parties  are 
then  placed,  one  in  front  the  other  in  rear  of  the  first  command, 
and  so  on  till  the  raft  is  loaded.  The  men  should  be  at  an  order 
arm*. 

The  same  precautions  arc  observed  with  cavalry.  The  horses 
must  be  placed  across  the  raft,  and  alternately  head  and  tail,  the 
riders  dismounted  and  holding  them  by  the  "head,  as  laid  down  for 
the  passage  in  boats.  The  same  arrangement  will  be  observed 
with  regard  to  all  horses. 

With  artillery )  the  heaviest  carriages  are  placed  in  the  middle 
of  the  raft,  and  the  rest  arranged  so  that  the  load  will  be  spread 
uniformly,  and  the  raft  not  inclined  to  cither  side. 

Raft-navigation  is  advantageous  upon  rivers  whose  beds  arc 
unequal  or  rocky ;  but  the  passage  with  rafts  is  slower  than  with 
boats,  the  drift  being  much  greater ;  and  it  is  found  necessary  to 
depart  from  a  higher  point  on  the  river  to  attain  a  given  position. 
It  is  difficult  to  reach  the  exact  point  of  disembarkation. 

Fords  being  very  often  dangerous  in  cold  and  wet  weather, 
attempts  are  usually  made  to  construct  means  of  making  the 
passage. 

A  stream  of  little  width  may  be  passed  by  the  aid  of  one  or 
more  trees,  cut  so  as  to  fall  across. 

If  a  tree  can  be  found  on  the  bank  large  enough  to  reach  the 
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opposite  side,  it  is  cut  down  and  placed  in  the  water,  with  the 
largest  end  retained  on  shore.  The  other  being  put  in  op  stream, 
is  carried  down  by  the  current  until  it  strikes  the  opposite  hank, 
where  the  force  of  the  current  retains  it.  If  the  stream  is 
too  wide  for  this,  a  tree  will  he  cut  down  on  each  Bide,  and  thrown 
into  the  water  with  their  tops  up  stream,  the  feet  being  secured 
to  the  shore.  Cords  are  attached  to  the  tops  of  the  trees,  and  as 
thev  tloat  down  with  the  current  thev  are  directed  so  that  their 
branches  will  meet  and  interlace,  forming  a  salient  angle  up 
stream.  They  are  then  tied  together  there,  and  any  branches  which 
obstruct  the  passage  cleared  away.  If  it  were  impossible  to  send 
any  one  to  the  opposite  side,  three  trees  would  be  cut  down,  two 
large  and  one  small  one.  The  two  large  ones  are  placed  with 
tlieir  feet  against  the  bank,  and  their  heads  forming  an  angle  in 
the  stream.  The  third  is  now  passed  out  on  these  two,  its  foot 
rested  on  the  others  at  the  angle,  and  its  head  on  the  opposite 
bank.  Men  are  then  sent  along  this  passage  to  clear  away  the 
branches. 

liitiDGES. — Such  means  as  the  foregoing  do  very  well  for  pass- 
ing a  stream  in  an  emergency;  but  regularly  constructed  bridges 
form  the  only  perfectly  sun-  method,  and  the  one  generally  used 
for  crossing  armies. 

A  military  bridge  is  one  which  is  thrown  across  a  river  tem- 
porarily for  the  purpose  of  crossing  troops.  It  does  not  possess 
the  Milne  degree  of  solidity  a*  a  permanent  one,  and  great  care  is 
necessary  in  preserving  and  using  it. 

It  consists  usually  of  a  platform  of  heavy  planks  supported 
on  boats,  rafts,  or  trestles,  and  is  named  according  to  the  kind  of 
sup|>ort  used. 

The  velocity  of  the  current,  depth  of  water,  ami  the  resources 
at  hand,  determine  the  kind  of  support  to  be  used  ;  and  it  some- 
times happens  that  all  three  kinds  are  used  in  the  same  bridge. 

The  construction  of  any  kind  of  a  bridge  requires  that  both 
banks  of  the  stream  should  be  in  possession  of  the  party  con- 
structing it. 

The  hanks,  where  too  high,  should  be  avoided,  as  they  render 
the  approaches  to  the  bridge  difficult,  and  require  long  ramps  to 
be  formed  in  order  to  approach  and  leave  it.  Marshy  banks 
should  also  be  avoided,  as  they  require  the  construction  of  fascine 
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causeways  at  the  ends  of  the  bridge.  The  ramps  should  not  be 
inclined  more  than  one  sixth. •  The  height  of  the  bank  above  the 
water  should  not  be  greater  than  from  6£  to  8  ft.,  and  should 
have  at  least  a  height  of  3  ft.  if  possible. 

To  facilitate  the  construction  of  the  bridge  advantage  should 
be  taken  of  those  branches  of  the  stream  under  control,  by  float- 
ing the  materials  down  them  ;  and  care  should  be  taken  to  place 
it,  if  possible,  above  the  mouths  of  those  held  by  the  enemy,  who 
otherwise  might  destroy  it  by  floating  down  heavy  objects 
against  it. 

The  place  for  the  bridge  should  be  sounded  in  order  to  ascer- 
tain the  form  of  the  bottom  and  the  kind  of  supports  to  be  used. 
If  boats  were  employed  in  places  where  the  water  was  too  shallow 
they  would  probably  be  crushed  and  cause  serious  accidents. 
This  is  avoided  by  placing  trestles  in  the  parts  too  shallow  for 
boats. 

The  bridge,  if  possible,  should  be  made  in  a  straight  line, 
which  best  suits  the  form  of  the  timbers.  The  body  of  the  sup- 
ports should  be  in  the  direction  of  the  current,  otherwise  the 
tendency  of  the  latter  would  be  to  turn  them  around  and  break 
up  the  bridge.  The  length  of  the  bridge  should  be  as  near  as 
possible  perpendicular  to  the  direction  of  the  current. 

A  description  of  the  regular  pontoon  or  boat  bridge,  will  not 
be  given,  for  reasons  before  stated ;  but  it  may  not  be  out  of  place 
to  lay  down  some  general  observations  upon  the  manner  of  mak- 
ing bridges  from  common  boats  picked  upon  a  river,  and  the 
other  materials  which  an  army  is  able  to  lav  its  hands  upon. 

Ordinary  boats  being  generally  of  various  sizes  and  shapes, 
they  must  be  placed  under  the  bridge  in  such  a  way  as  to  keep 
the  flooring  as  near  as  possible  in  the  same  horizontal  plane.  The 
widest  will  be  placed  nearest  the  ends  of  the  bridge,  and  the 
longest  in  the  channel,  as  they  are  less  acted  on  by  the  current. 
If  any  of  the  boats  are  too  small,  several  of  them 
will  be  joined  together,  side  by  side,  by  notched 
cross-pieces,  upon  which  will  be  placed  three 
beam?  lengthways  of  the  boat,  one  about  over 
each  gunwale  and  the  third  over  the  axis  of  the 
boat.  These  three  beams  receive  the  timbers  of  the  bridge  floor- 
ing.   Fig.  297. 
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Should  any  of  tho  bout*  be  t « m ►  low,  a  tn-ptle  p, 
or  \mri>r  mu«t  bo  constructed  in  them  in  the  direc- 
tion of  tin*  a.\i*  of  the  boat,  on  which  the  timber* 
will  n>t.    Kitf.  rtT 

The  rtiH»rii>^  timbers  in  the^e  bridge*,  instead  of  bcin^  tied 
with  r<»jM  *  «re  lii*.tfTi(M J  with  iron  chiin}^. 

If  no  anchor*  can  lie  had  to  hold  the  boat*  in  their  p!ac«  the 
anchoring  rh|H\-  may  be  fastened  to  bo_\ci*  or  basket-  tilled  with 
>tom?  or  gravel,  to  mill ^tonc*.  or  am*  other  heavy  body.  The 
<b-.  j.«  r  the  water  the  more  dUtant  hhouhl  be  thc.-c  anchoring 
|N,int%  otherwise  the  great  inclination  of  tin*  rope*  would  tend  to 
pull  the  In.  i'h  flown  into  the  water. 

If  the  rher  U  tl.oitinjr  i,  ,*  in  it.  the  anchoring-rope*  ►hould 
be  Wound  with  twine  or  wire,  <»r  replaced  in  part  by  cable*. 

Should  tlie  flooring  beam*  not  be  long  enough,  they  might  be 
laid  alteniut.  lv  in  each  row  upon  only  three  gunwab or  even 
upon  "lie  «'f  each  of  two  contiguous  bo:iti%  taking  care  t<»  fa-ten 
them  «.<  enrel  v  to  a  shorter  beam  lying  aero-*  both  gunwales  of 
the  boat*.  Iig. 

U\n Uitn^.io  j>n--t  the  advantage  of  not 
ht  i riir  liable  to  be  -'.ink  bv  the  tire  of  the  enemv  ; 
leit  tliev  are  v»-ry  wide  and  require  a  gnat 
quantify  of  w<N>d  to  make  them.  They  otfer 
t-»o  gnat  a  r-  M-tance  to  current*,  which  render* 
tie  :n  hard  T<>  man.ip'  in  the  water  and  dillicnlt  to  floor  over. 
K\jKTti-iiee  1  a-*  j»r«"\eil  that  raft  bridge*  cannot  be  crtablidu«d 
tij-oii  any  but  -!.-w -running  »treaiii«,  with  a  \clt«-ity  of  current 
K>»  than  *\\  ft.  per  «»nd. 

Light  minmU.  Mich  a-  pine,  jtoplar,  willow,  birch,  and  all  thoro 

wl         -jMM-ilie  grin  it  \  i*  h than  that  of  water,  arc  the  only 

one-  tit  to  cn-truct  nift*  with. 

The  stability  of  n  raft  bridge  <)•  pend*  upon  that  of  the  raft- 
of  w  !.ich  it  i*  made  ;  and  the^e  iticrca>c  in  Mabili:\  th,  ir  length 
|.<< . .iim  -  great*  r.  F«.r  thin  r«ax»n  very  long  w.n*1  i„  .  mplo\,d  'm 
tie  ir  coti-tructioii.  When  it  cannot  be  obtained  long  enough,  the 
tree,  an*  joined  together  at  the  feet  in  coupb*. 

Hie  raft*  jire»«  nt  h><»  n>i.*tancc  to  the  forre  of  tlie  riirn-nt  a> 
they  an*  increased  in  length  ;  ami  be -id**,  the  distance  between 
them  become*  greater  u  they  become  narrower.    If  they  are  very 
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wide  and  short,  they  must  be  close  together;  and  the  Lridj^. 
leaving  thus  but  a  small  space  open  to  the  current,  will  experience 
a  very,  great  pressure. 

Upon  rivers  which  are  sluggish,  the  bridge  may  be  made  ^'f  a 
continuous  raft,  the  flooring  being  formed  of  faggot*,  fa*ein«*, 
and  earth,  mixed  with  straw. 

The  trees  usually  employed  to  make  rafts  arc  from  32  to  4^ 
ft.  long,  and  have  a  mean  diameter  of  1  ft  The  number  required 
is  determined  by  the  specific  gravity  of  the  wood,  the  size  «»f  th« 
trees,  and  the  weight  to  be  supported. 

The  rafts  are*  put  together  in  the  water,  where  the  logs  arr 
more  easily  handled  than  on  land. 

Bridges  and  Rafts  of  Casks,  Boxes,  or  Bags. — These  bridge* 
can  only  be  used  on  small  streams,  far  from  any  enemy,  in  conse- 
quence of  the  ease  with  which  the  rafts  composing  them  may  *-e 
sunk,  either  by  accident  or  shot. 

The  casks  or  other  floating  materials  made  nse  of,  are  first  guasid. 
They  are  then  placed  under  a  frame-work  made  from  the  timber 
torn  from  the  neighboring  houses,  with  their  ends  together,  and 
bung-holes  up,  so  that  in  case  they  leak  they  may  be  emptied 
with  a  hand-pump.  Two  rows  of  these  casks  at  least  are  require*!, 
and  in  case  they  are  small,  more  rows  may  be  necessary. 

Boxes  well  tarred  and  caulked  could  be  easily  decked  over, 
and  might  be  used  to  make  rafts.  In  wine-producing  countries, 
like  France,  Spain,  and  Portugal,  the  goats'  skins  used  to  put  the 
wine  in,  have  been  frequently  used  as  the  buoyant  material. 

Trkstle-Bridgks. — These  bridges  are  established  upon  stream? 
whose  bottoms  are  solid,  depth  of  water  not  greater  than  1«>  ft_ 
and  velocity  of  current  not  over  5  ft.  a  second.  They  have  the 
advantage  of  requiring  but  little  material  for  their  construe ti..n. 
and  are  capable  of  being  put  up  in  almost  any  locality  with  tLe 
timber  from  the  neighboring  houses  or  woods. 

The  trestles  or  horses  are  a  kind  of  tall  frame,  made  of  light 
wood  in  order  to  be  more  easily  placed  in  position.  They  are 
placed  four  or  five  yards  apart,  and  upon  them  the  flooring  tim- 
bers rest.  They  should  not  be  too  far  apart,  which  would  make 
them  liable  to  be  overset  by  the  current. 

The  Horse,  Fig.  300,  is  composed  of  a  top-piece,  A,  about  15  ft, 
long  and  S  in.  square,  designed  to  receive  the  bridge  timbers*  and 
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two  double  feet,  B,  C  in.  square,  and  of  any  required  height,  to 
support  the  tup  piece.  The  feet  are  composed,  eacli  of  two 
inclined  pieces,  M  and  M,  two  crosspieces,  T  and  T,  and  two 
braces,  L  and  L.  The  distance  between  the  feet  of  the  uprights 
should  not  exceed  one  half  the  height  of  the  horse.  If  they  were 
not  far  enough  apart  the  horse  would  not  stand  firmly,  and  would 
be  easily  overturned.  If  they  were  too  far  apart,  there  would 
not  be  sufficient  stability,  and  the  horses  might  be  crushed  under 
the  load  placed  upon  the  bridge.  The  height  of  the  horses  will 
depend  upon  their  positions.  This  requires  the  stream  to  be  pre- 
viously sounded  at  every  point  where  a  horse  is  to  be  placed. 
The  feet  should  bear  equally  and  solidly  upon  the  bottom  ;  and  it 
becomes  necessary  sometimes  to  cut  them  to  fit  a  rocky  bottom, 
or  nail  thick  plank  on  the  bottom  of  the  feet  to  keep  them  from 
running  into  the  mud,  if  the  bottom  is  formed  of  that. 

If  the  timber  is  square,  such  as  may  be  obtained  from  houses 
or  fences,  two  good  carpenters  can  make  one  of  these  hoi>es  in  six 
hours,  and  by  dividing  the  labor  and  tracing  the  adjustments  by 
u  pattern,  in  much  less  time. 

If  the  stream  is  a  shallow  one,  the  men  enter  the  water  to 
place  the  horses  in  position.  If  deep,  each  horse  is  placed  upon 
two  sui:vll  bo  nus,  resting  on  a  roller  placed  in  the  rear,  and  run 
forward  to  its  position  by  acting  on  the  beam*.  This  method 
requires  the  employment  of  a  good  deal  of  force;  and  an  easier 
way  is,  to  rest  on  the  first  horse  established,  two  beams,  the  other 
end*  of  which  rest  on  the  bottom  near  where  the  second  horse  is 
to  Htand.  The  horse  slides  down  these  beams  till  it  gains  its  posi- 
tion, when  it  is  placed  upright  by  pulling  on  it  with  ropes,  and 
pushing  against  the  top  piece,  or  cap,  with  boat-hooks  or  j>oles  ; 
and  so  with  the  rest  of  the  horses.    Should  any  portion  of  the 
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current  be  very  rapid,  two  skiffs  or  boats  of  auy  kind  j>»:r>«I 
together  by  beams,  and  anchored  6tem  and  stern,  will  be  usoJ  :"  r 
supports  instead  of  horses. 

Another  method  of  placing  these  horses  is  to  make  ns-e  <<f  a. 
small  raft,  21  ft.  long  by  6  ft.  wide,  carrying  two  forks,  eaci:  » :" 
which  consists  of  two  vertical  uprights,  between  which  fit*  a  beai:.. 
supported  at  one  end  on  the  cap  ot  the  last  horse  plact.il,.  and 
the  other  on  a  pin  which  passes  through  holes  bored  in  the  up- 
rights of  the  fork.  The  two  beams  form  an  inclined  plane  »»: 
inclination,  down  which  the  horses  are  successively  slid. 

The  string  pieces  lap  each  other  over  the  caps  of  the  hers---, 
and  are  fastened  to  them  by  cords  or  clamps. 

The  United  States'  Pontoon  Bridge. — During  the  Alcxi-:^ 
war,  a  bridge-equipage  was  prepared  and  sent  out  to  that  oountn, 
for  use  with  our  armies.    The  supports  used  were  cylindrical 
toons  of  India-rubber ,  which  were  inflated  by  means  of  W!K«w-. 
Unfortunately,  no  opportunity  occurred  of  testing  this  brid^t 1 
any  extent  in  actual  warfare:  as  the  only  stream  where  it  v»>nl: 
have  been  used  on  Genl.  Taylor's  line  was  crossed  about  the  rim* 
of  the  passage  of  the  law  authorizing  the  equipment  of  a  briil*** 
train  ;  and  the  one  afterwards  sent  to  Genl.  Scott's  line  \va?  never 
found  necessary,  as  no  streams  exist  on  that  line  of  snl5*-irr: 
depth  of  water  to  require  bridging,  except  at  times,  when  littV 
different  from  mountain  torrents.    It  might,  however,  have  k\r, 
required  by  the  army  in  its  operations;  and  the  great  war;! 
6ome  such  means  to  cross  the  Rio  Grande  at  Matamoras,  i>  >u5E 
cient  argument  in  favor  of  the  necessity  of  some  organization 
the  kind  in  every  properly  constituted  army. 

Experiments  have  also  been  made  by  our  engineer  officer* 
the  Birago  trestle-bridge,  of  which  the  supports  arc,  for  a  *U  ;.n 
of  water  less  than  12',  a  peculiar  kind  of  adjustable  horse.  K«>r 
water  deeper  than  this,  pontoons  made  in  several  pieces  j».:r*< 
together,  or  any  large  flat-bottomed  boats,  may  be  used. 

The  horse  is  formed  of  a  movable  cap  sustained  at  each  cr  i 
by  a  single  foot.  The  cap  is  of  spruce  or  pine,  17'  long,  Sf  *2eej\ 
6J"  wide  in  the  middle,  and  8|"  wide  at  the  ends  for  a  di^tan*^ 
3'.  A  mortise  3£"  wide  by  lOf  long  is  cut  in  each  hea<l  of  th? 
cap  for  the  passage  of  the  foot,  the  bottom  of  the  mortise  bein^ 
inclined  22°. 
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The  feet,  ulfH>  of  fpniee,  art;  of  four  different  models,  of  the 
following  diniennionN 

No.  1,  S  nj"  long,  by  4>'x3J'. 

**  2,  l-'.v  •*  ,vs'x:{j. 

"  3,  **     "  4>  *;  J  . 

"    4,  "      «*  4>''*3J"'. 

No*.  1  and  »J  jin*  plural  single  in  the  morti-es;  t remaining 

hpner  being  filial  lip  !»V  a  (h!m-  foot  with  t\Vo  fiotehe*       lo  long, 

wide,  a  thiekru  of  3J  ut  the  end.  and  41  ut  the  middle, 
between  tlie  two  iiotrhe*. 

N'.*.  3  and  4  are  often  plaeed  by  pair*  in  tin?  mortise*,  and 
pre-ed  firmly  together  with  wedge*  of  hard  wood. 

To  e*teady  the  feet  and  prevent  them  from  being  foned  int./ 
tin*  ground,  they  are  armed  ;it  the  bottom  with  wo.Hb  n  >1hn>  ;  of 
whieh  there  an-  two  model*  neeording  to  the  nature  of  the  ground, 
t  r  larger  being  for  very  l>ottonj4,  and  the  smaller  for  hanl 
bottom.-  and  nh »p*  They  have  two  holm  for  the  point*  of  the 
f ♦  i  t  to  pa»»  through,  and  are  proviih-d  with  iron  pin>,  fastened  by 
ehaii-,  f'«r  ♦»«  etiring  the  «»hi>ei*  to  the  feet. 

The  rap  in  »up]«»rti-d  in  jHk-ition  hy  me:m«  of  two  iron  mik- 
|*«n»ion  ehain*,  with  a  ring  at  one  etid,  with  whieh  the  feet  are 
eapp»«d.  Bel<»w,  the  chain*  pa- a  through  Mi-pri, »ioii  rin;;?*  fixed 
by  I'yl.ult.  to  the  < -ap*.  and  are  oeeured  tK-  re  by  iron  ke>  it 
ti\ed  to  eliain*  iit'.i-  hod  to  the  rap*. 

The  hor-e-  thu.-  formed  an'  r»  tained  in  an  upright  ]«^iiion  by 
tin4  bridge  beam*,  whieh  lnvt-,  fa~t<-md  at  ea<h  e:.d.  a  braeket  of 
o:ik  Ilotrhed  in  the  midd'.e,  forming  e  it-  h*-  to  Jit  "11  top  ,,f  the 
e.»j«.  Tie  ~e  tioteliett  are  phe  •  d  L'1V.»  apart  f:<  m  eenter  to 
emter. 

Tlie  Ail-trial!*  have  the-e  ben  mi.  made  ..f  -ijeh  a  length,  and 
t'.."  di*t.n;.  e  b.  twe.-n  the  notehe-  -'ieh.  that  they  Mill  fit  on  the 
guuu  ah--  •  f  the  j  .  Tit.-.iH.  They  ure  particularly  iiM-ful  in  fitting 
up  the  jM,Tit.H.ri>.  to  f.,nn  a  raft,  n:.d  in  con-«.|:dat big  the  abutment 
of  a  bridge  by  form;'  g  it  of  t"  «- muring  b«  am*  ei>t,»ieete«]  together 
h\  •tuall  beain«. 

The  tbxir  of  thi«  brid^i*  ti»  ri-mp<.«i-d  of  pinnL*  lo(*  -  loiij?  by 
114  "14',  with  a  noteh  at  eaeh  end  \   <leep  and  lvijr  lon^r,  ti> 
reeehe  tlie  balk*  at  the  ►ide  of  tlje  bridp*.   Half  plank*,  differing 
from  the  other»  only  in  the  width,  which  is  OJ' ,  are  u*cd  to  cotn- 
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plete  the  flooring  in  places  where  a  plank  would  be  tx»  wi-I". 
They  are  also  laid  endwise  and  lashed  against  the  ends  of  6e 
planks,  when  these  are  placed  perpendicular  to  the  bridgicg- 
beams,  to  prevent  them  from  sliding  to  one  side. 
In  a  stream  with  little  current — 

The  horse  No.  1  can  be  used  in  a  depth  of  3'. 
«        "  2  "  5.  . 

«        «   3  "  9'. 

«  4  «  12f. 

But  when  the  current  is  more  rapid  than  8J'  per  second,  the  hor*? 
No.  3  should  be  used  for  a  depth  not  greater  than  S£,  and  No.  4 
for  a  depth  of  only  11^'. 

The  pontoons  can  be  used  wherever  the  horses  can.  The  hisk- 
est  point  of  the  scaffold  of  a  pontoon,  under  an  unloaded  bridge, 
is  37£"  above  the  surface  of  the  water  ;  and  under  a  bridge  suj>- 
porting  the  heaviest  load  (a  column  of  infantry),  it  is  1SJ". 

The  pontoons  are  kept  in  place,  according  to  their  position,  t^e 
force  of  the  current,  and  that  of  the  wind,  by  lines  fastened  on 
shore;  anchors  up  or  down  stream  ;  by  cross  lines;  or  by  cable* 
stretched  across  the  river,  usually  above,  sometimes  below  the 
bridge. 

This  bridge  can  be  employed  with  a  depth  of  water  of  nearly 
13  feet,  and  therefore  suffices  for  crossing  the  greater  part  of  riwr* 
of  mean  width,  and  may  be  used  also  advantageously  in  forming 
a  considerable  portion  of  military  bridges  across  the  widest  and 
most  rapid  rivers. 

It  may  be  so  laid  as  to  form  several  passage-ways  in  the  *ame 
bridge,  by  joining  a  larger  number  of  the  parts  of  pontoon.* 
together,  and  placing  several  rows  of  the  horses.  The  Rusm&tw 
use  in  their  bridge  equipages  a  very  light  kind  of  pontoon,  formed 
of  a  frame-work  covered  with  canvas.  The  frame  is  composed  of 
two  side-frames,  constructed  of  4''  S'-.ntling,  of  the  size  and  skmp^ 
represented  in  Fig.  301. 

21* 

i  11  li   11  1  1/ 

18'  A" 
Flf.  801. 
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Thefe  two  frames  are  ronn<»cted  below  by  movable  transoms, 
with  tenon-  at  eaeh  end  whieh  tit  into  mortice*  in  the  bottom 
hilU,  and  above  bv  two  tm!)r««in*»,  one  at  eaeh  end,  whieh  art*  laid 
<»n  tin'  top  >-tnn^  j»'u"<  t>,  about  li  from  tin*  eiidr.  and  la.-hcd  to 
them.  The  canvas  cover  i*  »>t  retched  ovir  the  bottom,  sides 
atui  rtnU,  brought  over  the  emU,  uiul  la*hcd  to  the  top  transitu*. 
It  if  ,-eriired  ml* n i ^  the  f»i*l»>  «»f  tin*  t*»j»  !»trin,;piee*s  by  *mall  nails 
pa-- in-*  through  rvclrt  hole*  aloti«r  t f it*  cdjjci*-  »»f  the  doth.  It  i* 
1»V  *» "  wide.  Ion**-  in  tin*  middle,  hm^  along  the  edp.*,  ami 
is  painted  hhii  k  i. n  both  nidc.-. 

A  plank  i-  laid  along  the  bottom  for  the  jioiitoncer*  to  htaml 
on.   Tli*'  cable-  are  atta-he  1  to  the  top  tran-orn-.    There  are  four 
balk*  for  each  boat,  eaeh  one  being        4"  long.  .V  iltrp,  ami  4 
vide;  the  M<le  raiU  arclM'  long,  and  of  ;V  ^-antling  :  four  ehe-.-.  *: 
are  U''      bmg,  1      thick,  and  wide,  the  r«-*t  being  of  the 

Mine  l.^-rth  ami  thiekm— ,  but  only  5*  wide.  The  balkh  of  the 
•djaemt  bail*  are  emmei  t«-d  by  in<n  bolt*,  axel  kc\>.  Tliere  are 
*j*ccial  liupjH.rth  for  the  hand-n>j*s.  The  Ilirago  tn  -tie  and  abut- 
ments are  iw^l  with  the**  ]«onti*on»>.  Wagon*  with  flat  open 
bottom-,  am!  a  stanchion  .'>  high  at  eaeh  angle,  are  iwd  for  trail*- 
[►  »rtati<»n.  In  loading,  the  four  broad  chew*  are  laid  on  edge 
agait.-t  the  otanchion-,  two  on  eaeli  hide,  thu*  forming  the  wide*  i»f 
the  uacoti.  The  narrow  eh».  afe  laiil  the  bottom,  then  the 
balk",  !<•  -rail-.  ponto«»n-fraiin oar-.  Are.;  the  nriehor  and  cable 
on  top  of  all.  Tlie  e,i:iv;o.  cover,  roll,  d  on  a  boat  hook,  if  hung 
to  the  >tnneliioii«  on  the  ri^ht  t-ide  of  the  wap»n. 

T>  pa--  a  •tiegc-train  over  thi-  bridge,  the  boat*  are  place*]  *» 
apart,  from  c«  Titer  to  renter,  and  *i\  balk-  are  u««*t  in-tcad  i»t  ftiir. 
In  other  r:e-  \  the  di-talicc  1*  twei  tv  the  renter*  of  the  Mlpj»ort.* 
varies*  from  11'  s   to  [C  7  J",  according  to  the  methyl  of  eon-trur 
tioti,  and  the  load  to  be  er  d  m.  r. 

Tin*  ranvaa  jNHjtiH.n.  with  it*  e..\,  r.  complete,  weigh*  7J"  II*. 

Floatation  of  eaeh  |*inton,  l.t,4i'*»  lb*. 

Weight  of  flooring.  \e.,  of  one  bay,  1,47'*»  lb*. 

Otlur  material-  paeke  l  on  » a.  h  u:i,mh,  \ary  fr-»m  141  to 
37<  lb.. 

Total  load  of  eaeh  wapiti,  from  ^,n#'»  to  4J,.*#74  lb*.. 
Weight  of  erup*v  wapm.  1,'_'«'#;  lb*. 

Tut  Vui  s»i.K»  ation  or  liuiiK.iv  -  In  order  to  proteet  a  bridge 
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against  floating  bodies  launched  by  the  enemy,  or  drifted  down 
by  the  water,  the  following  means  are  adopted : — 

1.  A  guard  of  observation  is  established  about  1,000  yards 
above  the  bridge,  provided  witli  boats,  long  cables,  grappling- 
hooks,  cramp-irons  and  hammers  to  drive  them.  The  boats  sta- 
tioned at  different  distances,  approach  the  floating  bodies,  attach 
the  cables  to  them,  carry  the  other  end  ashore,  and  by  hauling  on 
it,  or  fixing  it  ashore,  they  are  run  aground.  If  the  current  is 
very  strong,  and  the  stream  very  wide,  the  cable  is  fastened  to  a 
fixed  anchor,  and  the  floating  body  is  thrown  against  the  shore. 

Sometimes  boatmen  might  board  the  floating  bodies,  and  take 
them  ashore  or  aground.  Ropes  should  be  provided,  terminated 
by  a  piece  of  chain  and  grappling-hooks,  with  which  to  grapple 
fire-ships. 

Should  any  of  these  floating  bodies  escape,  they  should  be 
directed,  if  possible,  towards  the  draw  in  the  bridge,  which  is 
constructed  for  security ;  and  signals  will  be  made  to  the  sentinels 
at  the  bridge,  to  have  it  opened  for  the  passage  of  the  body. 

2.  Above  the  bridge  a  floating  boom  is  placed,  designed  to 
stop  the  bodies  carried  down  by  the  current.  It  is  formed  of 
large  trunks  of  trees,  of  wood  light  enough  to  float  it,  joined  by 
pieces  of  chain.  It  is  placed  obliquely  across  the  stream  so  as  to 
make  an  angle  of  22°  with  the  current,  which  gives  little  hold  to 
floating  bodies  directed  against  the  bridge,  and  throws  them 
against  the  bank.  It  may,  however,  be  carried  away  by  large 
heavy  bodies  striking  against  it,  and  for  this  reason  should  be 
placed  far  enough  above  the  bridge  to  prevent  accidents  in  case 
of  such  an  event. 

3.  The  bridge  may  be  composed  entirely  of  draws,  which  may 
be  rapidly  removed  out  of  the  way  of  floating  bodies. 

4th.  The  bridge  is  protected  from  being  carried  away  by  sud- 
den freshets,  by  making  the  ends,  or  shore-bays  movable,  so  that 
they  will  rise  and  fall  with  the  water. 

Of  tJie  passage  on  bridges. — Military  bridges  being  exposed  to 
numerous  accidents,  it  is  necessary  to  multiply  the  number  of 
them  as  much  as  possible.  With  only  one,  the  least  accident 
might  lead  to  the  ruin  of  an  entire  army.  It  is,  therefore,  usual 
to  construct  two  or  three  from  200  to  300  yards  apart.  The 
instability  of  the  floor  requires  the  greatest  care  to  prevent  acci- 
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dent*  resulting  from  an  overload  or  too  violent  a  rocking.  The 
precaution*  used,  are  : 

To  i>o*t  a  sentinel  at  each  end  of  the  bridge,  and  others  along 
it  within  xij^fit  and  hail  of  cwh  other,  to  cau&e  the  instructions 
given  to  he  obeyed. 

Infantry  in  marched  by  the  flank,  without  iiiumc  or  noise  of 
any  kind,  at  the  route  -*tcp,  as  the  cadence  ntcp  cuumh  nx  kinp, 
injurious  to  t!ie  bridge,  and  which  may  he  even  great  enough  to 
knock  over  the  men  who  an-  on  it.  In  case  thin  rocking  motion 
commences  the  column  should  he  at  once  halted  and  not  allowed 
to  proceed  until  the  co-ation  of  the  motion. 

In  pacing  artillery,  all  hut  the  rear  driver  should  <Ii»umunt 
and  lead  the  hordes  A  distance  of  twenty  yard*  should  he  kept 
between  the  carriages  whieh  should  travel  a*  mar  a*  j»o^ible  in 
the  middle  of  the  flooring.  If  the  flooring  is  wet,  great  care 
should  be  taken  to  prevent  the  horse*  from  slipping,  batten*  being 
nailed  i<t«>'*  the  ll»M»r  if  ncces*ary.  In  some  c:im'^  it  might  bo 
advisable  to  pa.**  the  hop««*s  and  carriage*  over  separatelv. 

With  cavalry,  the  men  hhoiihl  dismount,  each  rider  hold  hid 
hor*e  by  the  bridle  and  prevent  him  from  trotting.  If  the  men 
do  not  di-mount,  the  horses  might  become  frightened,  and  jump 
otr  the  bridge,  or  stop  <«n  it  and  cause  disorder.  If  the  horsea 
m-ive  f:i-ter  than  a  walk,  they  are  liable  to  have  their  leg*  broken 
by  getting  them  between  the  flooring  planks. 

<\tre  should  be  taken  not  to  overload  a  bridge,  and  not  to 
allow'frc-h  tr««.j-.  to  go  on  it  until  tho-e  already  on  have  finished 
the  pa-..je.  Such  an  interval  should  be  left  between  the  differ- 
ent  U-l\*<+  of  troop,,  that  they  will  not  have  to  wait  alter  leaving 
the  hridg«\ 

Should  the  flooring  crack  under  the  weight  of  the  carriage*, 
they  thoidd  not  stop,  but  pre-*  on  at  a  ijuiek  g;iit,  a»  the  elasticity 
■  »f  t1  e  w.mh|  mi^ht  then  pre  lent  the  nipture  taking  place. 

If  it  beeoiiH-H  iw*  e-.ury  t<»  stop  ft  earringc  on  the  bridge,  the 
team  f!,<>uld  be  at  oner  unMtched,  the  load  taken  out  a*  «juiekly 
^  d> -j«...iti<d  iiithi"  nearest  ln»aN,  and  the  carriage  thrown 

o\  i-rl".  *rd. 

A  column  of  inf.mtrv  and  one  of  ravalrv,  or  one  of  artillery 

and  wagon-,  should  not   be   allow«-d  to  oeriipv  tiny   lirul  t>f  <l 

bridge  at  t Ij ■  -  *.ime  time,  but  each  s'-paratc  cohimti  be  made  to 
pa-  by  it -elf. 
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The  troops  should  always  stop  at  the  command  halt,  from  the 
sentinel,  and  resume  the  march  only  after  receiving  orders  to 
do  so. 

With  several  bridges,  some  will  be  used  for  infantry  and 
others  for  cavalry  and  carriages.  If  there  is  a  ford,  it  will  be 
used  in  preference  for  the  cavalry. 

If  there  are  herds  of  cattle  with  the  army,  no  more  than  six 
or  eight  head  should  be  passed  over  at  a  time,  as  they  instinc- 
tively flock  together  when  frightened,  and  a  greater  number 
might  prove  disastrous.  Cattle  will  swim  across  a  stream  very 
well ;  and  this  is  a  good  way  to  get  them  over  if  they  are  in 
charge  of  intelligent  men.  After  several  have  taken  to  the  water 
and  swam  across,  the  rest  follow  without  any  difficulty. 

No  fire  should  be  allowed  to  pass  over  the  bridge  ;  and,  to 
guard  against  every  chance  of  a  conflagration  or  explosion,  even 
lighted  pipes  and  segars  are  not  allowed. 

The  sentinels  notice  attentively  the  signals  which  may  be 
made  to  them  from  up  the  river,  communicate  them  at  once  to 
their  commander,  and  in  general  give  warning  of  every  danger, 
halt  the  troops,  or  hasten  them  over,  according  to  circumstance*. 

The  greatest  load  which  can  pass  a  bridge,  is  a  column  of  men 
without  arms,  marching  in  compact  order.  With  the  heaviest 
field  batteries,  all  but  two  teams  to  each  carriage,  should  be  un- 
hitched. 

For  keeping  a  bridge  in  repair  a  certain  number  of  pontoneers 
are  charged  with  opening  the  draws;  tightening  the  ropes; 
bailing  out  the  boats,  and  repairing  them  ;  closing  the  joints  of 
the  floor-planks ;  raising  from  time  to  time  the  anchors,  to  prevent 
them  from  burying  themselves  too  deeply,  which  would  prevent 
them  being  taken  up  easily  when  the  bridge  was  broken  up ;  and 
in  general  with  repairing  any  damages  which  may  show  them- 
selves. 

If  the  bridge  is  thrown  across  a  stream  liable  to  be  frozen,  it 
should  be  taken  up  in  time  to  prevent  its  being  caught  in  the  ice, 
and  carried  away  by  it  when  breaking  up.  If  it  is  necessary  for 
the  bridge  to  remain,  the  ice  should  be  broken  every  day  around 
the  supports. 

A  bridge  may  be  taken  up  either,  commencing  at  the  bank 
abandoned,  by  removing  in  succession  the  floor  and  supports  and 


Digitized  by  Google 


FLYING    BRIIXJK*  4fr5 

taking  them  aahorr,  or  by  mating  loose  that  end,  and  gwinging 
tbv  bridge  around  ugaiiu.t  the  ophite  *hore,  and  then  taking  it 
apart. 

pLTOftJ-Dnirfa*. — A  flying-bridge  ia  one  which  rooaiatfl  of 
a  boat,  draw  (A),  or  raft  Fitf.  o"-\  held  bjr  u  rope,  which 
prevent*  it  from  descending 
the  Mreani.  The.  bridge,  of 
whatever  make,  i*  vro*»ed  fn»iu 
one  bank  to  the  other,  by  pre- 
tenting  i 1 1»  *ide  obliquely  to  the 
action  of  the  current  by  the  u>e 

of  a  rudder.    Hi«hq  bridge*  r"*  '"1 

have  lit*'  advantage  of  heitiij  racily  c-tahlinhcd,  and  requiring  but 
little  mat.  rial  for  their  construction  ;  but  they  do  not  furn^h  a 
continuous  communication,  and  can  be  uacd  only  with  a  email 
body  of  troop*.  • 

The  hridp?  in  made  iiMially  of  t Wo  (Fig,  3i*3),  three,  and  wmio- 
tiiiic*       boat-,  connect^!  together,  and  very  aolidly  floored  over, 
tin-  Uama  l*-ing  fastened  to  the  pin-  • 
wal.  -  of  the  bout,  with  iron  holta  or  „   1^—'  Vx> 

band*,  and  tla  flo<»rin«  [dank*  nailed  *  -  jSt' !>  V  Vfe^ 
down  tijHin  them.  The  !b*>r  i*  aome-  ^SSt .  ,  T#Sy^ 
timca  aWToundcd  with  a  guardrail.  t^p^^^_  ' M^li 
The  ru<«t  suitable  l>oat*  an»  long,  nar- 
row and  deep,  with  their  aide*  nearly 
virtual,  in  order  to  «»tfcr  greater  n-i-iftanrc  to  the  action  of  the 
current.  At  the  end  of  the  rojK?  i»  fix«d  an  anchor  X,  wliirli  ia 
moored  in  the  channel,  if  thi*  in  in  the  middle  of  the  stream.  If 
the  channel  i*  not  in  the  middle,  the  anchor  i*  placed  a  little  on 
one  nide  of  it  toward  the  m«»-t  distant  alitife.  Uy  nuana  of  the 
rudder  the  bridge  i*  turned  in  audi  a  direction  that  it  ia  atnick 
obliquely  by  the  current,  and  the  force  reuniting  fr«  m  the  decom- 
position of  the  action  of  the  cunvnt  makt  *  it  di>cril»e  an  ar«  of  a 
circle  around  the  anchor  a*  a  center,  and  thin  force  acquire*  it* 
maximum  eftVel  when  the  aide*  of  the  boat*  make  an  angle  of 
aln.ut  .'»a'  with  the  direction  of  the  current. 

Sup|M*c  M  X  (Fig.rVnf)  to  represent  the  aide  of  the  boat,  and 
A  H  the  resultant  of  the  force*  of  the  current  against  it. 
Tlic  force  A  li  will  be  d»coiupoi*d  into  two  force*;  the  one  A  C, 
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•will  act  in  the  direction  M  N  as  friction,  and  may  be  neglected, 
and  the  other  A  D  will  act  perpendicularly  to  the  side  of  the 
boat. 

"Were  the  boat  free  to  move,  and  headed  in  the  same  direction, 
it  would  descend  the  river,  at  the  same  time  crossing  it.  A  D  is 
then  decomposed  into  two  other  forces,  the  one  A  E  in  the  direc- 
tion of  the  current,  causing  the  boat  to  drift,  the  other  A  F, 
perpendicular  to  this,  which  pushes  the  boat  across. 

If  the  boat  is  now  attache^  to  a  fixed  point  by  the  rope  A  X. 
the  force  A  E  will  be  neutralized,  and  all  the  effort  of  the  current 
will  be  reduced  to  the  force  A  F,  which  makes  the  boat  revolve 
around  the  point  X. 

"We  see  that  should  the  velocity  of  the  current  be  very  small, 
the  force  A  F  will  not  be  sufficient  to  move  the  bridge,  and 
recourse  must  be  had  to  boats  drawn  across  by  men  or  horses  on 
the  opposite  banks,  or  by  the  men  in  the  boats  acting  on  ropes 
stretched  across  the  river.  Flying-bridges  are,  then,  generally 
employed  only  on  rapid  streams. 

The  length  of  rope  used  should  be  once  and  a  half  or  twice 
the  width  of  the  river.  "With  a  shorter  rope  the  arc  described  by 
the  bridge  is  too  great,  and  it  performs  the  ascending  branch  with 
difficulty  ;  with  a  longer  one,  the  rope  becomes  too  heavy,  sinks 
in  the  water,  and  fetters  the  movement.  Generally,  the  arc 
described  by  the  bridge  should  not  be  more  than  90°. 

To  prevent  the  rope  from  dragging  over  the  deck,  which  would 
interfere  with  the  load,  it  is  held  up  by  an  arrangement  such  as  is 
indicated  in  Fig.  303,  and  buoyed  out  of  the  water  nearly  to  the 
anchor  by  skiffs,  empty  casks,  or  other  floating  bodies. 

"When  the  stream  to  be  crossed  is  not  very  wide,  a  flying- 
bridge  may  be  made  with  two  ropes,  one  fastened  on  each  shore, 
the  ropes  being  used  alternately.  If  the  stream,  on  the  contrary, 
is  very  wide,  several  boats  are  fastened  together,  floored  over,  and 
anchored  in  the  middle,  and  communication  kept  up  with  each 
shore  by  a  flying-bridge,  like  the  one  already  described. 

In  about  one  hour  36  men  can  construct  a  flying-bridge  com- 
posed  of  6  bridge-boats,  and  capable  of  carrying  250  infantry,  or 
2  pieces  of  artillery  and  12  horses. 

At  least  one  spare  anchor  should  always  be  carried  on  the 
bridge,  to  anchor  it  in  case  the  rope  should  break  or  become 
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detached  ;  ami  oars,  a  small  boat,  ami  a  long  rope,  should  also  be 
provided. 

A  flying-bridge  may,  in  case  of  emergency,  bo  made  of  m\j 
kind  of  bout*  with  the  means  of  fixing  rudder*  to  them.  For 
want  of  an  anchor,  a  large  stone,  millstone,  or  a  bag  or  box  of 
sand  may  be  made  use  ..f. 

A  th  ing  bridge  may  be  made  of  a  ruft,  the  ln>t  form  Wing 
I..7enge-hap<-d,  with  the  front  angle  about  .ruV.  It  is  attached 
to  a  rope  Wretched  aero**  the  utreain  by  three  other*  with  pulley*, 
which  i-liflf  along  the  tirst  n»pe.  thi*  being  tightly -Uvteh--  i  ie-.** 
and  not  allowed  to  hang  in  the  water. 

Buttrc-^e-i  r.»u*tnieted  on  bo'it.4  or  trestles,  according  to  the 
mentis  at  hand," arc  formed  on  both  fide*  of  the  river,  at  the  |>oint* 
where  the  flying  bridge  lands. 

Iki:»«.i  i  \u  Han*. »■»  art*  tho^e  established  with  the  mean*  found 
at  aiiv  loealit v  ;  and  the  bridir**  varv  accordingly.  The  timber 
whici  i-  to  mtv«'  a-  the  beaming  for  the  floor  will  determine  the 
distance  betun  ii  the  Mtpjwirts,  which  are  thcin-elvo  more  or  lew 
irregular.  For  the  want  of  boats  of  sufficient  size,  two  or  four 
-mall  oi;»^  may  be  connected  together  to  form  a  *upj>ort  suffi- 
eietitly  staple. 

Within  reach  of  w<*hK  and  over  small  stream-,  bridge*  of 
gabions  may  be  made.  The  dimension*  of  the  gabion*  should 
vary  with  the  degree  of  strength  which  the  bridge  should  j^^-.  ^. 
TWe  of  from  ,M  to  .V,*  in.  in  diameter,  form  a  bridge  capable  of 
supporting  the  heaviest  loads.  The  ordinary  gabion  of  -JO  in.  in 
diarn.  ter  form*  a  bridge  strong  enough  to  bear  infantry. 

TIm  m*  are  ft'n>d  on  end,  and  filial  with  gravel  or  stone,  and 
earth,  mixed  and  well  rammed,  and  cappod  by  a  pi«-ee  of  timber, 
o:i  w!ii«  h  the  flooring  learn*  re-t.  The  height  of  the  gabion-  will 
be  determiiKil  by  the  height  of  the  river  banks  depth  of 
water,  Are. 

Tin*  same  kind  of  a  •fnicture  is  used  in  pacing  over  marthr 
or  overflowed  ground,  a*,  for  inMance,  in  the  approaches  to  a 
bridge. 

Field  carriage*,  military  or  common  wagons,  may  all  be  made 
«im'  in  making  bridges  for  small  streams,  with  slow  current  ; 
and  in  the  aU.-nce  of  the-e,  earts  can  W  um-«1. 

A  bridge  of  cart*  is  forme*!  by  establishing  two  rows  of  them 
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in  pairs,  each  pair  crossing  their  tongues  in  the  air.  The  tongnes 
are  firmly  bound  together,  and  two  opposite  pairs  form  the  sup- 
ports for  the  ends  of  beams  on  which  the  flooring-beams  rest.  To 
increase  the  solidity  of  the  structure,  the  axle-trees  may  be  lashed 
together  with  ropes,  or  connected  with  beams.  Boards  are  placed 
under  the  wheels  to  keep  them  from  sinking  too  deep  into  the 
ground,  and  to  chock  them. 

More  solid  bridges  are  made  with  four-wheeled  vehicles 
placed  parallel  to  the  current,  and  connected  by  beams  which 
support  the  cross-pieces  on  which  the  flooring  timbers  rest. 

If  timbers  of  sufficient 
length  can  be  obtained, 
they  are  thrown  across  the 
stream  from  bank  to  bank, 
and  covered  with  a  floor- 
ing of  plank ;  but  if  the 
timber  is  too  short,  frames, 
more  or  less  complicated, 
must  be  constructed,  which  require  skillful  and  intelligent  work- 
men. For  the  want  of  square  timber,  common  logs  with  the 
bark  on  may  be  used.  Several  ways  of  making  such  bridges  are 
represented  in  Fig.  304. 

Suspension  Bridges  are  sometimes  formed  over  ravines,  tor- 
rents, or  narrow  streams  with  steep,  high  banks,  by  suspending  a 
flooring  to  ropes  stretched  across,  and  firmly  supported  at  the 
ends.  The  structure  is  kept  steady  by  stretching  guys  from 
the  flooring  to  different  points  on  the  banks ;  and  such  a  bridge 
can  be  made  strong  enough  to  bear  field  artillery. 

Destroying  Bridges. — A  bridge  which  has  to  be  abandoned, 
is  destroyed  either  by  burning  it,  blowing  it  up,  or  sinking  it. 

To  burn  a  bridge,  combustible  materials,  such  as  straw,  dry 
fagots,  tarred  fascines,  <fcc,  are  placed  under  the  flooring,  and 
fired.  To  hasten  the  destruction,  fire  must  be  communicated  at 
several  points.  If  time  does  not  permit  the  burning  of  the  bridge, 
a  pile  of  logs,  timber,  &c,  should  be  hastily  raised  on  the  floor, 
which,  in  the  absence  of  anything  better,  would  serve  to  arrest 
the  progress  of  an  enemy. 

To  blow  up  a  bridge,  barrels  of  powder,  or  loaded  shells,  are 
placed  under  the  floor,  and  fired  by  means  of  slow  fuzes,  port- 
fires, powder-trains,  &c. 
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To  At'nl  a  hrhlpo  of  honN,  hoh*  arc  ma*le  in  th»«  bottom*  of 
thr  K».iiti»,fitlirr  by  boring  with  utip  ri*.  or  knocking  them  through 
with  ax. ■»  ;  thr  (  "nU  urv  cut,  ami  n  jHirli.»n  of  the  floor  thrown 
o\«  rl...;inl.  Thr  -inking  of  a  brM^e  may  he  much  fa.ilitatnl  by 
l»ori!i^  tin'  hole*  beforehand  an«l  inM-rtin^  roniral  J'ln^s  |»rojeet- 
in^T  uj.wanl^.  All  that  i*  the  n  turoHtry  to  \  e  d.iiic  lr  to  w  it li- 
ilraw  thr  j'luiT*. 

Mi'."'  nry  hr\-hj<  a  arc  ch  -  Proved  with  j>owtIer,  two  or  thr*-**  of 
the  areh»-*  !  •  inj;  Mown       to  render  tin*  juic^ap-  more  diflirult. 

If  t i nil-  permit-  mxl  the  nce*>.-ary  mean*  art*  at  hand,  mines 
of  from  loo  to  1*J<»  lhh.  of  jMiwrft-r  will  he  e-tabli*Led  in  tin*  j.irr?. 
«.f  tho-e  anlie*  de-i;rn<  d  to  1  e  d<  -t  roved.  If  tl:*'  want  of  time 
iIo»-,  not  allow  thi-  to  In*  d<-m\  an  e\ravatioii  in  tie  form  of  » 
(T«»-  uill  If  made  nvi  r  th«-  ei  nNr  of  eaeh  art  h,  the  arm-  hrin«r 
a!  I.  a-t  l\  ynvU  h>n^  r  ire  beii^  taken  to  e\r,<i\  \!e  <lown  to  thr 
mtv  m  i   -tirv  of  thr  arrh  it-t  If. 

In  •  L  of  tin-  a rm ^  l*  j-hierd  about  K."  lb*,  of  .h  r,  which 
i.-  .-v.r.-l  and  rammiil  in;  or  if  time  do«>  not  allow  thi% 
thr  |-.w.h  r  U  rwvcr.  tl  cmt  witli  plank-,  wlii-  h  arr  h.a«Ld  .low  n 
with  *t..n.»  ui,.l  earth  ;  and  lire  if  eoimnwrii.-at.  d  aft.  r  taking  tl  <■ 
i.»  •  »--ary  precaution-. 

A  in.'H-  »  \j  i  -liri-'n,  rmlL«»d  i*  Mi-pend  under  thr  ar.-h  two 
or  thr»-»-  bam!-  «»f  poud.-r.  whieh  nr<-  !;r«d  »«: tn i:!r • .  *_\ .  The 
hri-lji-,  in  thi-  ia--\  oil*,  r-  mueh  L r«>i-f  an*  «•  than  a\  I . « 2 x  thr 
jp.r\\il<  r  ha-  torni-b  thr  ma-<'nrv  by  it.-  c\ pb-ion. 

I!\>\i\\»  lb:n-.i-.  Tlir  d«  -trn<  ti'.n  of  an  »  t:»  u.\ hrb!  i- 
an  oOi-rati«»n  of  th»-  ^r«  :»t«  »t  iniportan.  .',  e-p«  <  :  illy  in  r»  p.  !!:n^ 
.-it  1  attack  in  fori'!-.  A  |*»rtion  of  hi*  army  alri  :»< ly  pa~»d  i.vcr, 
may  h<  rojiipclhd  in  thi-*  way  to  di  b  :,d  it-«lf  a.;a:n-t  tin-  whole 
}.o\\  .  r  i.f  tlt«-  a—a:'.  A. 

I*.        or  raft-  h-  »\  ilv  1« »ri'I* "1  to  hu  rt       t?.-  ;r  n       a:.  I  foil- 
»»  ,n.  :.*!v  tl.i  t  -1  .x-k,  1.  av  1m<  J1.-.:!?.  .1  <\"\\  t\  tij    :,-t  t!.<  :r  ! 
TL.  y  -L'.iiLi  <  irry  n-  ir  tLi-  mi-hlh-.  :i  — «r t ».  1  it. 

hi_*i»  i      .^L  to  -trik<<  thi-  hri.l/-'  mA  it  !  > 

At.-.th*  r  >ii«  ♦  L.< i-  hv  th»atin^  t\  >wu  hr« - -hij  whi«-h  arr 
}...t-  !".!!. -I  with  im>n<liiiry  miit#riiiK  n.i \- «1     ,\\  -I  *hr!U 

ami  ^r«  ihmIi  •*  in  onh  r  to  k«  *  j>  any  om  from  nj.jToiK ■hisiu  tlirni. 
IIm*-'*  hont*  hiivi- a!***  a  mn-t  hi^h  rtioiij»h  to  «toji  th«m  nn«!cr 
the  fl'-T  of  tin*  hri'l^r,  ain!  allow  tin-in  to  Mt  fin*  t«  it.    Fire  ii 
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communicated  by  means  of  a  gun-lock  placed  on  the  powder. 
The  trigger  or  sear  is  joined  by  a  chain  to  a  lever  which  is  made 
to  turn  on  a  pivot  by  the  striking  of  the  boat  A  percussion- 
tube  or  match  would  serve  better  for  the  purpose. 

Barrels  or  tarred  boxes  filled  with  powder,  and  provided  with 
these  explosive  arrangements,  form  an  excellent  material  fur  de- 
stroying  bridges,  as  they  easily  escape  the  notice  of  the  sentim*l> 
and  can  be  floated  down  in  numbers  at  a  time.  They  are  pro- 
vided with  wings  on  each  side  to  prevent  them  from  turning  over, 
and  to  keep  the  bung  or  lock-lever  up. 

To  be  certain  of  success  in  the  operation,  floating  bodies,  tire 
and  explosive  boats  should  not  be  sent  down  in  succession  and 
separately,  but  a  large  number  should  be  started  in  the  current 
at  once.  Then  a  portion  of  them  will  run  aground  ;  others  mar 
be  stopped  by  the  parties  placed  on  guard  for  the  purpose ;  but 
some  will  probably  reach  the  bridge,  and  either  destroy  or  dam- 
age it.    Night  is  the  best  time  to  perform  these  operations. 
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APPENDIX. 


Princijxtl  Dimensions  and  Weights  of  Fit  Id- Gun  Carriages  and  Limbers. 


DIMENSIONS. 


Vrcrt  icsl  field 
of  fire, 


Distance  between  the  inside  of  the  trunnion  plates 

Diameter  of  the  trunnion  holes  

Depth  of  the  center  of  trunnion  hole  below  the  upper  face 

of  the  trunnion  plate  

Distance  of  oxis  of  trunnions  in  rear  of  axis  of  axle-irec, 

the  piece  being  in  battery  on  horizontal  ground  

Distance  from  axi9  of  trunnions  to  axis  of  axle-tree.  

Height  of  axis  of  trunnions  above  the  ground  

above  the  horizontal  lice,  \  HUn  ' 

'  I  Howitzer  

below  the  horizontal  line,  \  u!!H,:V  1 

(  Howitzer  

Distance  between  the  points  of  contact  of  trail  and  wheels 

with  the  ground  line  

Distance  from  front  of  wheels  to  end  of  trail,  the  piece  be 

ing  in  battery  

'Distance  of  the  muzzle  of  (  Gun,  in  front  of  wheels  

the  piece  in  battery  from  -J  n^.jt-g-    j  front  of  whet- Is. . 

I    the  front  of  the  wheels,  {  *    (  rear  of  wheels. . , 

Length  of  gun-carriage  without  wheels  

I  Length  of  limber  without  wheels.  

[Length  of  limber  without  wheels  or  pole  

Length  of  limber  with  wheels  and  pole  

Distance  bet  ween  the  centres  of  the  axle-trees  of  gun  car 

riage  and  limber  

Length  of  the  carriage  limbered  up  

Distance  from  the  muzzle  of  the  piece,  j  Gun  

when  limbered,  to  the  front  of  jnile.  (  How 

Whole  length  of  the  axle-tree.  

Track  of  the  wheels  

Height  of  wheel  

Dish  of  finished  wheel  


Howitzer. 


Weights. 


Gun-carriage,  without  wheels  

Limber  without  wheels  or  ammunition  chest. 
Ammunition-chest,  without  divisions. 

One  whe 


.  j  Gun-carnage 
eI'  "j  Limber  


Gun-carriage  complete,  without  implements  . . 

Limber  complete,  without  implement*,  

Gun-carriage  and  limber,  without  implements 


b 

~  e 

c  % 

3  5 

oa 

b  u 
V 

b 
• 

© 

b 

•2 

■ 

5 

S3  l| 
*  — 

c  *  , 

E  3  |l 

OS 
*■  *•  1 

In. 

In. 

In.  1' 

D.en 

11.65 

12.15 

8.70 

4.25 

4.65' 

i, 

1.00 

0.95 

0.95, 

0.50 

1 .00 

0.iuj-i 

14.65 

16.20 

16.6«"i  j 

43. 10 

44.80 

45. 2«' 

12° 

1S;  | 

13° 

13° 

ir 

8° 

7  1 

69 

8° 

6  1 

74.40 

79.80 

79. 8<  I 

116.60 

122.75 

122.75:| 

0  .  J  1 

1  <v  Til  i 

6.90 

IS. 71'  j 

1.09 

104.40 

111.4" 

113.54-| 

161.211 

161.20 

161 .2(1 

52.85 

52.85 

62.  K. 

173.08 

173.08 

173. o* 

06  o<< 

101.70 

101.7<» 

269.08 

274.78 

274.7b 

279. lU 

294 .  00* 

272. In 

283.78 

291.00 

78.84 

78.84 

78.84 

60.00 

60.00 

60. 0» 

67.00 

57.00 

67.  Or' 

1.60 

1.50 

1.60 

Lbs. 

Lba. 

Lbs.  1 

640 

786 

783 

835 

335 

335 

165 

165 

165  1 

180 

196 

196  1 

180 

180 

180 

900 

1128 

1175 

860 

860 

860  j 

1760 

1988 

2035 

» 
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APPENDIX. 


Principal  Dimensions  and  Weight*  of  Siege-Gun  Carriages  and  Limbers. 


1 


tUMENftlONS. 


d 

O 


d 

a 
O 

w 

"x 


G3. 


i  a 

—~ — ■ 

r.i- 


In. 

I»i»innoe  between  the  inside  of  the  trunnion-plate*.   H.yft 

Diameter  of  the  trunnion  hoi r»  I  4^5 

Depth  of  center  of  trunnion  hole  below  the  upper  face  of 

trunnion  pinto  

Distance  i»f        of  trunnion*  in  rear  of  mxt*  of  nxle-trev,  the 

piece  being  in  lattery  on  horizontal  ground  

Distance  from  nxi*  of  trunnions  to  nxU  of  axle-tree  

ilcigbl  of  asi*  of  trunnion*  ul>ov«>  th«*  ground  

above  the  horizontal  Hue,  -J  witzor 

below  the  horizontal  line,  -j  JJ™  j,^;; ' '  ' ; 
between  the  point*  of  contact  of  the  wheeb  and 


Vertical  field 
of  fire, 


[li'tai 


1.1" 

a.0« 
22.  \:> 
ft  2  .-.•«' 

la- 


in.   I    lo.  • 

in.yft  ls.ir, 
5.a:>    5.  a;. 


l.4< 


2.ft0  2.7  ft, 
22.8ft-  2«. 2ft 

52.»io  aa.in. 


12 
4° 


12 
1ft' 
4' 


trul  with  the  ground  line  loO.On  101  .0<>  !<»1  .00 

Di*tance  fr..rn  the  front  of  the  wheel*  to  the  end  of  the  traiL' 


wheeb 


the  piece  being  in  battery  

Di-fnec  of  tho   tnnttle  of  1  ,         .    f  f 
he  p,  „,  Lattery  from  V  ,|uwi,       ,„  ro<|r 

the  front  of  the  wheel*.  1 

length  of  gun-carriage,  without  wheel*  130.0< 

.-entfth  of  |. tuber,  without  wheel*  1 7  »"> .  C 

length  of  limber,  without  wheeb  or  pole   fty-H*' 

'.ength  of  limber,  with  wheels  ami  |.«de  1 1>-4  .  V*« ■ 

Di»Unco  between  th«  center*  of  the  aile  tree*  of  ^im  ear 


141. 0<.  I42.0*t  142. (M. 


I 

3ft.  35  35.34 
7. Of- j 

176.0ft  176.W.',  I 

fty.s»»  fti.».b«  ! 
1  *!.«»■  1  184. »o  ; 


ri.itfe  and  liml. 


1 1. no   yfi.On   oil. 01 


Di-tanee  from  the  mu/jile  of  the  gun.  in  it*  traveling  po-i 
tn«n,  to  front  end  of  j-ole.  . 


...«••■, 


I'-'lfht  <■(  *»  heel  

lo>h  of  tiuithed  »1r-cL. 


Wright*. 


Cun  earria?.-,  without  wheels  

J.imW,  without  wheel?  

One  wh»*el  

<iun  e*rria«e.  complete,  without  implement*. 


 , 

{  t inn  carriage  and  limber,  without  implement*. 


'7  *.'.♦<■ 

2*<).yw 

2t*u.»*.  ! 

t 

'*:».!  ft 

2^1 .42 

2'.«0 .  ih 

Sl.H.  MM) 

hi  .S*' 

f,,>.i«.  tvn.iH. 

f.n.n. 

On  »mi 

t".t  • ,  Oi  1 

2.t" 

2.<M 

U-%. 

l.U. 

!.!.«. 

Ill" 

1ft  12 

1714 

.'.h:» 

ft- ft 

ft*  ft 

4»1 

4»>4 

4"l 

2  :;:>«» 

2522 

lana 

|ay:t 

IMS  ' 

:t«il 

S74S 

ay  16 
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APPENDIX. 


Field  and  Siege  Wagons. 


m>IKXMON8  AND  WKIUIITB. 


Lei)  (rth  

Distance  between  the  axle-trees  of  can  iuge 

anil  limber  

Whol*  length,  limbered  up  

Height  abW-e  the  ground  


Weight,  - 


Carringc-hody,  without  wheels. 

Limber,  wit  hout  wheels  or  chest 

One  wheel  

Carriage  and  limber,  complete, 
without  implement*  or  spare 
part*  


Caisson. 

Fonro 

BatUry 
Wagon. 

In. 

In. 

In. 

loU .  W 

l  o4 .  OU 

92.00 

97.80 

112.93 

274.70 

279 .00 

303.13 

58.75 

70.50 

73.55 

Lbs. 

Lbs. 

Lbs. 

432 

997 

910 

835 

835 

335 

180 

180 

180 

1982 

2217 

2130 

MorUr 


In. 
143.60 

102.95 
287.85 
60.0" 


Lbi  , 
984 
685 
404 

1 

3185 


INTKIUOR  DIMENSIONS. 

Length. 

Width. 

Depth. 

■—  

Weight 

Ammunition,  or  limber  chest,  without  divi- 

In. 

40.00 
40.00 
31 .00 
98 . 80 
63.85 

In. 

18.00 
32.00 
18.00 
30.00 
40.00 

In. 

14.75 
7.50 
17.00 
22.00 

Lb*.  1 
165 

Travel.ng  forge, -|(.(ftlbox  /"/""/"^ 

\ 

100 

1 

Mortar  Beds. 


DIMENSIONS  AND  WEIGHT. 


Length  

Exterior  width,    including  maneuvering 
bolts  

Weight  


SI  ego. 
8-lneb.    j  10-inch. 

Coehora. 

3, 

> 

1 

c 
W 

In. 

In. 

In. 

In.  1 

42.00 

51 .80 

31.00 

22.00 

34.00 

40.00 

15.00 

22.00 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

920 

1830 

182 

280 

Weight  of  platform  for  siege-mortars,  made  of  yellow  pine,  837  lbs. 
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Sling  CI urtjt. 


length  from  rear  of  wheel*  to  front  «  nd  «-f  pole  .... 

Length  of  axle-tree  

II-        «»f  w  heel*  

Distance  between  the  wheel*,  on  the  gruu.nl  


<  >uo  wheel  

Wlinlr  weight,  without  •ling-chain*. 

Trunnion  chain  nn«l  rin.'ft  

Si  i chain  


Larrr. 

Hand. 

la 

Id. 

848.40 

lfW.75 

88.00 

70.6*1 

8I.OU 

78.00 

58.76 

60.40 

LU. 

LU. 

fol 

1888 

1115 

23 

d  i 

Gin*. 


Length  of  leg*. 


f  Pry  |M>« 
IJin.  witl 
I  Pulley  bl 


rithottl  block*.. 
WUOOT*.  ^    Pulley  blo*  k»,  finfffe  . 

oouHla 


F1<  M  and 

Mrtfr. 

1 .  1  •  n  n 

la 

In. 

la 

175.50 

256. 50 

172.50 

1 

LI* 

LU 

Lhn 

55 

IS 'i 

175 

4:,:, 

•21 

04  2 

37 

1 

65 

65 

1 

M 

81 

Uinu  njiiotm,  t(-r.t  of  Sitgt  Platform** 


CIS*  AMi  IIOUITZKB*. 


M«b  or  met*. 


1  ± 
- 


Martyr  !  ] 

McrjMT*  '  If 

Drrk  |iUnk«   86 

Make*  (wcunnc)   6 

*it*k«-«  (imnlemmta).  •  • .!  4 

^Uke*  (|Miinting)  

Eye- 1  Kilt*  (iron)  1  4 


1  £  i 


In  In 

1  MM  3 

1mm  3.M 

|«»M  A.O« 

4i  3.6o 

32  i.o« 


In 

1.8 

3.5 
3.6 
2." 
I  .0 


.1 

.= 
ti 


Lb*. 

61 

6.1* 
I  H.'.-l 
7«' 


II  i».7f.  1 'nil 


V 


6 
18 
6 

4 

II 


4  .  - 

5  i 

.5  * 


v 
c 


In. 


96  5.001  8.5 
In*   Vmm  3.6 
48  1.80  8.0 

48  1.00  1.0 
II  |o  ?6r*84. 


J 

s 
k 
V 

I 


4  -5 

a  1 


la.  I  la.  Lb*. 


7m 


— 
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Dimensions,  t£c,  of  the  Hail  Platform. 


SI  CUE  MORTARS. 

* 

« 

«. 

} 

~L 

-z 

<S 
55 

Length. 

Thickne 

3? 
is 

3 

£ 

la. 

In. 

In. 

Lb*. 

i 

8 

60 

11.5 

8.5 

2 

84 

10.0 

1(1.0 

14 

48 

3.5 

3.0 

816 

Dimensions,  dr.,  of  the  Ricocliet  Platform. 


ii 
i1 


«. 

V 

il 

i 

nam  ic»  or  riBOES. 

£m> 
W 

0 

d 

be 
c 

icknc 

.a 

is 

la. 

In. 

In. 

Lb*. 

1 

96 

8.00 

8.00 

174 

Sleepers  

3 

108 

5 . 50 

5.50 

147 

I'limks  

2 

128 

!3.00 

2.25 

If.  (5 

1 

84 

13.00 

2.25 

60 

Pieces  of  [>lauk. . .  . 

1 

3<i 

13.00 

2.25 

21 

18 

48 

1.25 

1 .25 

32 

Total  weight  

600 

Kind  of  timber  atai 


Yellow  pi  no. 
Yellow  j line. 

Beeeh,  yellow  |lne,  or  oak. 
Heech,  y<-llow  pine,  or  onk. 
Beech,  yellow  pine,  or  oak. 
Hickory  or  oak. 


Digitized  by  Google 


APPENDIX. 


13 


Ammunition  rarritd  in  each  Chest. 


Kun, 


SO.  WKIUIIT. 


Foa  6-rov>uu  (its. 


Shot,  fix-d. 


25 

Spherical  can-,  fixed   20 


Canister,  fixed   5 

Spare  cartridge*.  H  lb*... 
Friction  primer*  

Sliiw  maU-h.  vd»  I  H 

Portfire....'   8 


75 


l 


! 


Lb* 

lim.oo 
186.40 

42.00 
2.60 
0.97 

0.28 
0.86 


The  dUtrihution  of  thi«  ammunition 
it  not  yet  determined  on. 


li 


373.11 


In  tube  pouch,  or  in  bundlca. 

match  an. I  I  portfire 

•eh  pocking  box  when 


11  }  yd*  dow 
•  re  put  in 
■cat  from 


the  arcenale. 


Fob  12-rovxDBS  GtTW. 
Shot,  fixed  


!  I 


20      308.  00 


Spherical  caae,  ditto, 
(water,  ditto. 


8 
4 

2 

Friction  primer*  j  48 

slow  match,  yd*  

Portfire*  


>pare  cartridge*,  24;  IU. , 


In  left  half,  and  in  4th  divi-iou  of 

right  half. 

108. on    In  l^t  and  2d  divi*ton*,  right  half. 
67.64     In  3d  di\i«ion,  right  half 
6.12  |  On  Uie  *pherical  ea»e. 
.63  1  In  tube  poueh  or  bundled 

j-  On  the  ammunition,  in  right  halt 


Foa  IfrfM.  llo 
tfbctU  fiied... 


'phrrical  c«»e,  fixed. 


4 

i 

1.16 

1 

iW.Ti 

1 

15 

167.60 

250.IMI 

4 

47.40 

60 

1.20 

1*' 

0.88 

8 

0.87 

457.35 

Foa  24  rum.  Howrrzra. 

I 

Mi-IU  .trapped   II 

-phrrical  ca*«,  trapped.  .  8 

•••••*•••»*•  8 

Sruall  charge.  23 


I  artridgea. 


Large  eharg.  2 


116.80 
184.00 

68.75 
53 . 82 


5.40 


In  2d.  8d.  and  4th  div  i,ion«.  right  half 
In  left  half. 

In  |«t  division,  right  half 
In  tut»e  poach,  or  in  bundle*,  on  the 
ennietere,  <k«\ 

}  On  the  caaiatcni 


In  left  half. 

In  front  and  middle  divi-ion*  of  right 
half. 

In  rear  division*  of  right  half. 

12  in  middle  dlvtaton.  b'ft  half;  9  in 

middle  division,  right  half;  2  on 

eanittera. 
On 
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Ammunition  carried  in  each  Chest. — Continued. 


KIND. 

no. 

WEIGHT. 

REMAItKS. 

24-PDR. — Continued. 

35 

0.45 

2  : 

0.»8 

|  As  for  12-poundrr  howitzer. 

4 

1.15 

,  

6^4.55 

i 

1 

For  82-pdb.  Howitzer. 

i  Shells,  stropped  

Spherical  case,  strapped. . 
• 

Cartridges,  j  j  )Jr^e  c|,M|.ge 

g  | 

6 

1 
15 
1 

24 

6 
4 

196.80 
186.00 

28.50 
46.50 
3.88 
0.32 

1.15 
1.15 

,  464.30 

Front  and  rear  division*  of  left  half. 
Rear  division!",  and  right  frout  di- 

>  iffion  oi  ritfiii.  mm. 
Lea  front  division,  right  half. 

j- 1st  division  in  each  half. 

In  tuhe  pouch,  or  in  the  middle  divi- 
sions. 

j-  In  middle  divisions. 

- 
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Implement*  and  Equipments  for  Field  Carriii'je*. 


KIM". 


XO.  WC1UIIT. 


PL  Alt 


I' 


Foa  a  Gum  or  IIouitzeb 
Cabbuuk. 

Sponge*  an>)  rammer*  . . .  . 

Spottgt  covi-r»  

\\  onn  and  Staff  

Ilandnpiket  

**jN>ngf  bucket.  

Prolong*  

Tar  bucket  

Water  bucket*  (lent her)  . . 

I  i  miner's  havrc*ack».  

Tul>e  poach  

Vnit  punch  

Q«nB«r*i  pincers.  

Tow  hook  

I'enduluin  liaiiMe  

Thumb  it »l U  

Criming  wire  

Ijinyan]  fur  friction  prim*!* 

(tuniier'*  gimlet  

Fu*e  Wn  iu  h  

Tarpaulin,  large  


I 

— 

I 

•2 
1 
I 
I 

•# 
m 

■> 

— 

■1 
1 
1 
I 
I 

2 

1 

■j 

1 
1 
1 


Fob  a  Cauwvos. 


I 


Lb*. 


0.28 
14.50 

lO.'MI 
18. 'Ml 
7  .'HI 
1  ♦*►.«»• » 

8.72 
1  9  i 

0.85 
0.60 
0.69 
0.01 
O.ttt 
O.SII 
0.08 
O.So 
54. oo 


1 

A 

.IMI 

*mi«>»,|,  U>n^  handle  

1 

4 

.75 

IVk  axe  ! 

1 

6 

.«fto 

1 

7 

.  25 

1 

25 

.3«» 

1 

.•*» 

2 

1 

.to 

1 

1 

7 

.!.«. 

i  Watering  bucket*  (leather 

•2 

16 

.•HI 

1 

54 

.•HI 

lS-pdr.,  11.6IIM.  ;  6|*lr.,  9  lbn. 
•  On  the  gun  carriage. 

On  the  limber. 


In  the  implement  tray*,  or  in  other 
-      vacant  'pace*  in  the  ammuuitioU 
cheat, 


[-  In  Um  tube  pouch. 


Strapped  on  the  ammunition  client. 


In  the  plaff  provided  for  them  on 
the  caii*»«>n  IkmIv. 


t)ne  in  the  limber  che*t,  and  one  in  a 
cai**on  cheM 

|  •  »u  the  limber. 

54.«h>  I  Mrappol  on  the  limber  chcV. 


Two  pairs  of  straps  for  the  tarpaulins  are  fattened  with  aerewi  to  tli<- 
edges  of  the  lid  of  the  liiiil>er  cheat,  at  10  inches  from  the  ends.  The 
•trap*  are  1.25  inch  wide;  the  front  strapa,  24  inches  long;  the  rear,  10 
inches  long,  with  buckles;  each  fastened  with  two  1-inch  acrews. 


KO.I  IPMKNT  or  TRAVELING    FORUKS   AND  DATTKRY  WAGON8. 

One  forge  and  one  batter)'  wagon  accompany  each  field  battery.  They 
arc  furnished  *  ith  the  tools  and  materials  required  for  shoeing  bones,  and 
for  ordinary  repairs  and  preservation  of 


16  APPENDIX. 

Other  forges  and  battery  wagons,  equipped  for  the  general  service  of 
the  army,  accompany  the  field  park  which  contains  the  general  supplies  of 
ordnance  stores. 

The  forge  for  the  field  battery  is  designated  by  the  letter  A. 
The  forge  for  the  field  pa*k       "  "  "  B. 

The  battery  wagon  for  the  field  battery      "  "  C. 

The  battery  wagon  for  the  field  park        «  "  D. 


EQUIPMENT  OF  A  FOROE  FOR  A  FIELD  BATTERY. 

Interior  arrangement  of  the  Limber  Chest. 
The  chest  is  marked,  Forob  A. 

There  are  five  boxes  for  tools  and  stores ;  one  shoeing  box,  and  one  can 
for  oil. 

The  boxes  are  marked,  A,  Nos.  1,  2,  3,  4,  5. 

They  are  made  of  white  pine,  0.75  in.  thick,  with  loose  covers  of  the 
same  thickness ;  the  covers  have  three  J  in.  holes  bored  in  each  end,  to 
lift  them  by. 

Two  handles  of  double  leather  are  nailed  on  the  inside  of  the  ends  of 
the  boxes,  so  as  not  to  interfere  with  th«  covers. 

The  sides  and  ends  of  all  the  boxes  for  the  forges  and  battery  wagons 
arc  dovetailed  together,  and  fastened  with  8d.  nails  ;  the  covers  arc  made 
with  clamps  on  the  ends. 


Exterior  Dimensions  of  the  Boxes  for  Forge  A. 


PESlOMATtOK. 

Length. 

Width. 

Depth. 

Weight 

In. 

In. 

Lbs. 

A,  Nob.  1  and  3 

17.8 

13.25 

7.5 

8.25 

A,  No.  2  

17.8 

13.25 

7.5 

9.75 

A,  No.  4  

23.5 

8.00 

6.5 

8.00 

A,  No.  5  

39.8 

9.80 

6.5 

14.50 

Shoeing  box. . . 

16.5 

8.00 

6.5 

4.70 

Jit  MARKS. 


A  parti'n  at  4.5  in.  from  one  end. 
A  partition  for  oil  can,  at  5 . 26  in. 
from  one  end. 


The  oil  can  is  made  of  tin,  to  hold  one  quart ;  it  is  five  inches  square 
and  four  inches  high,  with  a  neck  for  a  cork,  one  inch  diameter  and  0.5  in. 
high,  near  one  corner.   Weight  0.9  lb.    It  is  marked,  A,  Sperm  oil. 
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Boxes  Nos.  1,  2,  and  3,  arc  placed  in  tho  bottom  of  the  chest ;  No.  1 
against  the  left  hand  ;  No.  2  in  the  middle. 

No.  4  is  placed  on  top  of  Nos.  1  and  2,  against  the  left  end  and  the 
back  of  the  cheat ;  the  division  for  the  oil  can  on  the  left  hand. 

No.  5  is  placed  on  top  of  Nos.  1,  2,  and  2,  against  the  front  of  the 
chest. 

The  shoeing  box  is  placed  on  No.  3,  against  the  right  end  and  the  back 
of  the  chest. 

The  tools  and  stores  in  all  the  boxes,  and  in  the  forges  and  battery 
wagons,  are  securely  packed  with  tow. 


Contents  of  the  Limber  Chest  of  Forge  A. 


■ami's  TOOLS  Axn  STORES. 


Horn;  shoe*.  No*.  2  and  3  .lb*. 

Horse  shoe*,  Nos.  2  and  3  

Horse  shoe  nuila,  No*.  2  and  3  1U. 


Wa»her*  and  nuts.  No.  2  

Wash*' re  and  nut*.  No,  3  

Wu«her*  and  tints,  No.  4  

Nuils.  No.  1.  C  Ik 

Nails.  No.  2,  C  lb. 

Tiro  bolt*.  

K.-ys  for  ammunition  chests.  

IJnch  wadivrs  

Linch  pine  , 

Chain*,  No*.  1  and  2  ft 

(\>U\  fhvit  S  links,  No.  3  

Cold  shut  &  link*,  No.  5. 


........a 


Hand  eold  chisels.  

Hardie  

Files.  a»«orUd,  with  handle*  

'  Buttress  

I  Hand  punch**,  muihI  and  square. . . . 

!  Sor*w  wrench  

f  Hand  »cri'W  driver  

Hand  rice  

j  Pair  smith's  calli|>er*.  

.  SaSa^::!"-1- *••••»*«•■•• 

W...w|  *-r?wn.  1  in.,  No.  14. . . . 
(J;  art  eao  of  sperm  oil  


NO. 


WEIOUT. 


Lbs. 


Cartied  forward. 


10O 

100.00 

llHi 

1»J<>.<K> 

A<> 

Ao.oo 

8<» 

5.25 

In 

3 .  20 

4 

2.15 

1  .oo 

! 

I  (Ml 

2<> 

6  . 4  M  • 

1.80 

8 

7  .so 

12 

8.37 

1.51 

2.  AO 

i. 

2.00 

2 

2.oo 

1 

o.75 

12 

lM.OO 

i 

1  .Ao 

2.UO 

1 

2.42 

1 

o.H2 

1 

1  JHt 

0.4»» 

,1 

1.6o 

'  i 

1  .83 

S.lo 

1 

2.7«» 

Sly. 63 

HUM  K 


Box  A,  1. 
Box  A,  3. 

Box  A,  2,  Urge  division. 


In  Box  A,  2. 
91.11  lbs. 


In  Box  A.  1. 
28.52  lbs. 


B 
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Contents  of  Limber  Chest. — Continued. 


BAflTU's  TOOL8  AND  8T0RE8. 

NO. 

WEIGHT. 

  -  | 

PLACE. 

Lba. 

319.63 

8.05 

|  Poker  

1.90  I 

1.26 

3.60 

1.05 

1.80 

1 

10.50 

/  « 1     f        .A          f_            1             A  *   

»> 

3.00 

8.00 

3 

15. 00 

►  In  Box  A,  5. 

1.00 

80.05  lbs. 

j 

1 .00 

• 

2.40 

j 

5.00 

j 

3.75 

1 

6.25 

4 

11 

1  1  .  1  0 

2 

2.75 

- 

1 

0.82 

1 

2.00 

2 

2.15 

1 

0.33 

1 

1 

I 
i 

0.80 
0.85 
0.80 

.  In  shoeing  box. 
12.75  1U 

1 

1.00 

1 

1 . 60 

o 

3.00 

- 

Fastened  on  inside  of  the  [| 

1 

2.00 

chest  cover  with  two 

copper  clamps. 

1 

0.50 

)n  the  cbest. 

Tar  bucket  

1 

7.00 

On  its  hook. 

6 

63.45 

5.00 

480.38 

i                                  ....  ... 
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Contents  of  t)u  Forge  Body,  A. 

Fox  A.  fi,  of  the  same  dimensions  a*  A,  1,  is  carried  in  the  iron  room. 
Ti>  put  thi*  box  in,  or  take  it  out,  loosen  the  thumb  nuts  and  rai-e  the 
rear  of  the  bellows  an  inch. 


TOOLS  AMD  STORES. 


Watf-r  bucket,  wood. 
Aovil  

Vice  


xo. 


Watering  bucket,  leather  

Ititumiiious  coal  lb». 

Coal  -howl  

I'a.lUk  

Hon*  nhc»*«,  Not.  2  and  a  lbs. 


1 
1 
1 

1 

•J50 
1 
1 

loo 


•vpiare  iron.  \  and  J  in  lbs. 

Flat  iron,  ] }  in.  x  }  in.,  1  in.  x  i  in. 

nnd  ]  i  in.  x  J  in  lb* 

Ui-iind  iron,  }  in  II*. 

rant  i«t«M-l,  {  in.  square  

Ki.glUh  lifter  ett-il  !!,<, 

Itox  

Tow  


lbs.  100 


50 
50 

5 
5 
1 


Total,  cxcliiMve  of  vice. 


wrioirr. 


Lbs. 


PLACE. 


10.00    On  it*  hook. 


loo  oo    On  the  tire  place. 
29.  oo  |  Fixed  on  the  stock  of  the 


8.00 
2ft0.oo 
4.75 
0.50 

lOo.OO 

loo. 00 

50 .  Oo 
50.00 


carriage. 

On  the  vice. 

I  In  the  coal  box. 

<  )n  coal  l*>x. 

Box  A,  6,  in  iron  room. 


0.00  1 

5. IN.  I 

5.00  1 J 


In  the  iron  room.  The 
bars  not  more  than  S 
feet  lonjj;  the  mjuaro 
irou  in  2  bundle*. 


S .  25 
Z.oO 

093.50 


Notl.— 1"<»  lb*,  of  hor»i<  ahoe*.  a«M»rt.-  l,  contain  90  *}\ook 
1  lb.  hor»f  *hoe  nails,  No.  3,  contain*  Ho  riaik 
1  lb.         "  "       "   2.       "       112  " 


EgrirSIEXT  OF   A   BATTERY   WAGON   FOH   A   FIELD  DATTEKV. 

Interior  Arrangement  of  Limber  Clnxt. 
The  rhovt  in  marke  1,  IV\rmir  wvuov,  C. 

'I  he  tools  and  Mores  are  carried  in  four  boxet,  marked  C,  N\*.  1,  -',  3, 
and  4,  respectively,  and  in  one  oil  ran. 

The  tx'J-c*  arc  made  of  white  pine  0.7.1  in.  thi.  k,  with  b  ather  handle* 
inside,  and  Ioum»  covers  like  those  of  the  limlxr  ch«-*t  of  For^r  A. 

The  rover*  of  No*.  1  and  2  are  0.75  in.  thiek  ;  tlio«»-.-  of  No*.  3  and  4 
arc  0.5  in.  thick. 
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Exterior  Dimensions  of  the  Boxes. 


,  .  . — 

DESIGNATION. 

Length. 

Width. 

Depth. 

Weight 

In. 

t 

In. 

Lb*. 

17.8 

13.25 

7.60 

8.25 

26.6 

17.80 

7.50 

17.50 

39.8 

9.80 

6.25 

12.50 

89.8 

8.00 

6.25 

11. 00 

No.  3  has  a  partition,  at  5.25  in.  from  one  end,  for  the  oil  can. 

No.  4  has  two  partitions  perpendicular  to  the  sides,  making  three 
divisions  15.8  in.,  10  in.,  and  11  in.  long,  respectively. 

The  oil  can  is  like  that  for  the  limber  chest  of  Forge  A,  and  is  marked  : 
C,  Spkrm  oil. 

Boxes  Nos.  1  and  2  occupy  the  bottom  of  the  chest ;  No.  1  against  the 
left  end. 

Nos.  3  and  4  are  placed  on  top  of  Nos.  1  and  2  ;  No.  3  against  the 
rear  of  the  chest. 


Conteiits  of  Limber  Chest  for  Battery  Wagon,  C. 


1 


TOOLS   AND  6TORI 


CAKHl.UiE  MAKKU8  TOOIA 


Hand  saws  

Tenon  saw  (14  in.). 


Jack  plane  

Smoothing  plane  

Brace,  with  24  bite  

Spoke  shave  

Gauge  

Plane  iron*  

Saw  set  

Rule  (2  feet)  

Gimlets  

Compares.  pair 

Chalk  line  

Brad  awlo,  

Scriber  

Saw  files  (4i  in.)  

Wood  files  (10  in.)  

Wood  rasp  (10  in.)  

Trying  square  (8  in.)  

Hand  screw  driver  


NO. 


Carried  forward. 


•2 
1 

1 
1 
1 
1 
1 

1 
1 

12 
1 
1 

2 
1 

12 
2 
1 
1 
1 


LI*. 

4.00 
1.50 

4.16 
1.80 
4.35 
0.30 
0.80 
1 .05 
0.25 
0.14 
0.95 
0.18 
0.10 
0.17 
0.15 
0.87 
1.12 
0.40 
0.60 
0.32 


22.70 


fLACE. 


)  Fastened  to  the  inside  of 
J     chest  cover. 


In  Box  C.  1. 
17.20  lbs. 
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Limber  Cheat  for  Lattery  Wagon,  C. — Continued. 


TOOLS  AXD  STORKS. 


Brought  forward. 


NO. 


CARXIAOE  MAKEB's  TOOLS — Cont'd. 


'  >il  »ton*  

Itroad  axe  

Hand  axe  

("law  hatchet  

("law  hammer  

Pincers  (small)  pair. 

Tal>l«*  vice  

Framing  chisel*  (I  in.  and  2  in.) 

Firmer  chi»els  (f  in.  and  1}  in.)  

Framing  gouges  (1  in.  and  1  i  in  \  , . . 
Auger*  and  haudles(£io  ,  |  in.,  \  in.). 
Screw  wrench  


with  handle*. 


Felling  axe 
Adze  

Frame  saw  

guart  can  of  sperm  oil 


!• 


 •• 


SAHPLtas  TOOLS  AND  STOI 


Mallet 
Clair.. 


pair. 


2 
2 
2 
8 
1 

(  1 

I  • 
1 

1 


Hammer  

Sho«  knife  

Half  round  knife   

Shear*.  , 

Sand  stone.  

Kule  Ufe«l)  

j  .Needle*  

I  Awls  and  handles  ,  \ 

Punches  I  i 


1 
1 

1 
1 
1 
1 


.pair 
.pair. 


;  I'locer*. 
I  Hyers.  . . 
t  law  tool 

,  t'rfa»er  

Thimbles  

Strap  awl  

wax  II 

Mlack  wax  lb* 

1  Brittle*  oz. 

i  >hoe  thread  lb*. 

I 'aunt  thread  1U. 

Carried  forward  


1 
1 
1 
1 
I 
l 

2 

8 

«< 


WEIGHT. 


Lbs. 

22.70 


1.50 
fl.Oo 
6.00 
2d»i 

1.60 
!.«'« 
3 .  St> 

3.  <m> 
1  .»"> 
2.«<> 
2.35 
2.42 

6.00 
8.  .HI 

4 .  50 
2.70 


1.7* 
6.00 

0.65 
o .  oy 
0.28 
0.47 
1.54 
0.14 
0.08 
0.76 
0.22 
0.75 
0.22 


12 
15 


<>.(>♦} 
o.ol 
2.04t 

8  .'Ml 

o.5o 
5. «K) 
2.00 

96.21 


place. 


In  Box  C.  2. 
32.28  1U 


In  Box  0.  3. 
23.25  lb*. 


Box  C,  4. 


22 


APPENDIX. 


Limber  Chest  for  Battery  Wagon,  C — Continued. 


TOOLS  AND  STORES. 


Brought  forward. 


SADDLER'S  TOOLS  AND  6TOBI 


•Cont'd. 


Buckles  (assorted,  0.75  in.  to  1.5  in.),  .dor.. 

Tucks  M. 

Gunner's  callipeis  

Shoe  knives  

Scissors.  pairs. 


Padlock 


Tar  bucket  

Boxes  

Tow  for  packing. 


NO. 


:t 
l 

2 
2 


Total 


W  LIGHT. 


Lbs. 
96.21 


1.00 

0.75 
0.50 
0.18 
0.20 

0.50 

7.oo 

4H.25 

7.00 


FLACK. 


162.59 


In  Box  C.  4. 

20.66  lb* 


On  its  hook. 


Interior  Arrangement  of  Wagon  Body,  C. 

A  till,  9  in.  wide  and  9.5  in.  deep,  is  placed  at  the  back  or  right  side 
of  the  wagon  body. 

An  axr  rack  extends  along  the  whole  length  of  the  body,  on  the  left 
side,  11  inches  from  the  bottom  ;  it  is  2  in.  deep  and  1.5  in.  wide,  and  is 
fastened  to  the  side  by  the  middle  rivets  of  the  side  studs,  and  by  5  wood 
screws.  Hie  rack  has  notches,  to  hold  three  axes,  a  hatchet,  and  3  hand- 
bills. 

Four  boxes,  for  stores,  marked  :  C,  Nos.  5,  6,  7,  and  8. 
One  box,  marked  :  C,  Candles. 

Exterior  Dimensions  of  Boxes  for  Wagon  Body,  C. 


DESIGNATION. 

% 
a 

■3 

v" 

J3 

Ui 

KEMA0KS. 

C 

is 

In. 

In 

In. 

Lbs. 

C,  Nos.  5  and  6 

23.0 

18.50 

11.25 

17.50 

No  covers..  >  Of  hard  wood,  0.75  in.  1 

C  ^  o.  7 ..... . 

23.5 

20.25 

14.  oo 

28.00 

Loose  cover  J  thick. 

C,  No.  8  

!8.<> 

13.00 

6.00 

6.00 

1  >iv.  into   )  White  pine,  0.625  in.  thick. 

Cundlc  box. . . 

11.0 

6.5H 

5.60 

2.85 

four  parts  j  with  covers,  hinges  «fc  locks. 

Seven  tin  eons,  two  marked  C,  Neats'  foot  oil  ;  one  marked  C,  Lin- 
seed oil  ;  one  C,  Turpentine  ;  two  C,  Olive  paint  ;  oue  C,  Black  paint. 


Digitized  by  Google 


APPENDIX. 
Dimensions  of  Cans  for  Wagon  Body,  C. 


23 


KI5D. 


Capacity.  1  DUtn.  Height 


Weight 


i 

In. 

* 

In. 

LU. 

For  nentfffoot  oil  

o 

gals. 

8.00 

11.50 

2.20 

For  linked  oil  ami  tur- 

I 

gal. 

6 .00 

10. 0o 

l  .r>7 

25 

Ib«. 

0  75 

10.2.*, 

3.00 

5 

lb. 

7. «f0 

1 

1.50 

r.y.M \v.k*. 


)  Rounded  tops  and 
j*    neck«  for  cork*. 

{Flattop*;  opening  cov- 
en?*! with  n  piece  of 
tin,  soldered  on. 


Ttco  kegs,  for  grease;  exterior  dimensions  : 

Diameter  at  the  bilge  10.5  inches. 

Diameter  at  the  head  a.   9.75  " 

Height  12.50  " 

Wefght  5  1W. 


Contents  of  the  Wagon  Body,  C. 

Y*>\  C,  No.  5,  is  placed  on  the  bottom  of  the  wagon,  next  to  the  pile  of 
ham*-**  which  occupies  the  rear  part  of  the  body.  l>ox  No.  0  is  ton  top  of 
X«i.  5  ;  No.  7  on  tlic  lH»ttom  of  the  wagon,  in  front  of  No.  5;  No.  8  on 
top  of  No.  7.    The  candle  box  in  No.  C. 


T,.,.L,    SM,  KT.ir.t-. 

V. 

I  t. A.  »_ 

! .K,t.-.'d  <»i1  c'.i I 

ir:1-  ii.rp.-r.tir,.'  .  .  .  .  Lr:t! 

I'.iiiit  brij.h^J  

>j..rm  <>r  v  ii \  <-fit:-ll.  v 

^|m.|,j;,.   

i '  1 1 :  j  j  i  i  i  it  a*  i  f  ♦  *               .  .  ,  , 

<  •  i;r.  n<  r'*  giir  '-r  ■«  

f  mu  v  i*  r •  1  -  f i  •  r  (i  n-i  i->n  !  -.i F  ■«»- 

1  ►nrk  IimjI-  r::-  

I 
I 

.V" 

5 

1- 
.-. 
\ 
1 

]- 
1 

■i 

I.U. 

'.»  IT 

*  7  7 

<;.:,<> 

7  85 
^ .  .'1 1 

"  - ' 

•  •  s 
1    4  > 

(■;:-» 

::.(-■• 
•I.r-.i. 

I'-.MT 

> 

n  1  tin  ■■.•in.  ) 

•*  1    d...       !  In  T7..v  <\ 

•■  -    d-            ft.-,  n  'i  n. 

••  1  -1...  J 

In  enr.  ll.  l-.  x. 

If.  !;  >v  t  ,  c 
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Contents  of  the  Wagon  Body,  C — Continued. 


TOOLS  AND  STOKES. 


Bronght  forward . 


N  eats'  foot  oil  gals. 

Grease  lbs. 

Nails  (4d,  fld,  8d,  10d)..lbs. 


Foiling  axes.. . 
Cluw  hatchet. 
Hand  bills..., 


Caisson  stock. . 


Rammers  and  sponge*. . . 
Spokes  


Fellies. 


Grindstone,  14  in.  x4  in. . 
Arbor  and  crauk  for  do. . . 


Screw  jacks. 


Wheel  traces. . . 
Leading  traces. . 

Collars  

Girths,  

Whins  

Bridies  

Halters  

Halter  chains.. . 
Hame  straps. . . 


Spare  nose  bags  

Sash  cord  piece*. 

Slow  match  yds. 


Elevating  screw. 
Pole  yoke  


wo. 


Harness  leather  side. 

Bridle  leather  do. 


Prolonge 
Scythes. . 


Carried  forward. 


4 

50 

20 

2 
1 
2 

1 

3 
40 

24 

1 
1 


10 
10 
6 
16 
16 
6 
6 
12 
25 

12 

6 

50 

1 
1 

1 

2 

1 
4 


WEIGHT. 


Lbs. 

109.17 

82.80 
60.00 

20.00 

12.00 
2.00 
4.00 

85.00 

13.50 
72.00 

160.00 

60.00 
6.60 

75.00 

47.60 
67.60 
27.50 
11.00 

8.00 
18.00 
21.00 
15.50 

4.50 

13.50 
10.00 

6.00 

15.75 
12.25 

25.00 
22.00 

18.00 

9.00 


PLACE. 


993.97 


!?  *  "Jgj"*  }  1°  Box  C,  7.  92.80 lbs. 
Box  C,  8. 

In  the  axe  rack. 


Under  the  till,  against  the  side  and  rear 

of  the  wugoo. 
On  the  caisson  stock,  against  rear  end. 
On  the    bottom ;    piled    length  wiae 

agaiuat  the  front  end. 
On  the  spokes,  crosswise. 

)  On  the  fellies,  against  the  left  side  of 
J    the  wagon. 

On  the  fellies,  against  the  front  and  the 
tilL 


In  a  pile  occupying  30  inehes  at  the 
rear  end  of  the  wagon,  between  the 
left  side  and  the  caisson  stock,  and 
up  to  the  top  of  the  till ;  the  collar* 
piled  on  each  other,  from  the  bottom. 


£  On  the  harness. 

On  Box  No.  7,  to  the  left  of  No.  8. 

^  On  the  pile  of  harness. 

>  Under  till,  in  front  of  the  pile  of  har- 
)  ness,  and  againBt  the  caisson  stock. 

On  box  No.  7,  in  front  of  No.  8. 
In  the  till,  against  the  front  end. 
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Contents  of  the  Wagon  /Wy,  C — Continued. 


TOOLS  AND  STo 


Drought  forward. 


no. 


WKI0I1T. 


pi.Acr. 


the  !» ton   j  4 

>i-ade*  I  i\ 

V'u  kAXvn  an<l  handle-*  |  2 

Corn  ««ck«   'J  I 

2 
I 


Tarpaulin*.  6  feet  square. 
Heaping  hooks  


i 


Scythe  ►n<-nthn 


>pare  stock  for  battery 

w«^<in   ] 

Padloek  J  1 

Watering  bucket  ,  1 

Forage  , 

Koxe*  

Tow   


Total. 


Lbs. 
y»3  97 

80  <h> 

1*.00 
8.85 

12.00 


In  the  curve  of  the  scythe*. 

In  the  till ;  the  hita  against  the  rear  end. 

Between  the  spade  handles. 

On  the  scythe*. 

On  the  corn  sack*.  sgninst  front  end. 

Fastened  to  the  ridge  t>ole  with  a  wood- 
en damp  and  a  leather  strap. 

Fastened  to  the  ridg«  pole  with  two 
leather  straju  and  buckle* 


90. 00    In  the  spare  stock  stirrup. 

o.5o  I 

H.<h)    Tied  to  the  forage  rack, 
lu  the  forage  rack. 


fly.  oo 
24.  So 


12S8.&2 


Exclusive  of  forage. 
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APPENDIX. 


Dimensions  and  Weights  of  Guti- Carriage  and  Equipment  for  Mountain 

Howitzer. 


DIMENSIONS. 


Gun- Carriage. 

Distance  between  the  inside  of  trunnion-plates  

Diameter  of  trunnion-holes  

Depth  of  axis  of  trunnions  below  upper  face  of  trunnion-plate  

Distance  of  axis  of  trunnions  in  rear  of  axis  of  axle-tree,  the  piece  being 

in  battery,  on  horizontal  ground  

Distance  from  axis  of  trunnions  to  nxia  of  axle  tree  

Height  of  axis  of  trunnions  above  the  ground  

Vertical  field  of  fire,  \  f™*  S*  H101*^1.  H"6 

'   (  below  the  horizontal  line  

Distance  between  the  point*  of  contact  of  wheels  and  trail  with  the 

ground  line  

Distance  from  front  of  wheels  to  end  of  trail,  the  piece  being  in  battery. 

Distance  of  the  muzzle  of  the  piece,  in  battery,  iu  rear  of  wheel*.  

Length  of  gun-carriage,  without  wheels   ..... 

Length  of  thill    

Whole  length  of  the  axle-tree  

Track  of  the  wheels  

Height  of  wheel  

Dish  of  finished  wheel  


Ammunition- Cheat,  or  Carriage-maker'*  Tool  Che»t. 


Interior  length 
idth. 


wi 


it 


depth 


Interior  length 
width, 
depth. 


Forge-Chest,  or  Smith'*  Tool-Chest. 


WKionrs. 

Howitzer  

Gun-carringe,  without  wheels  

One  wheel  

Handspike  

Sponge  and  rammer  

Gun-carriage  complete,  with  implements  

Thill  

Bridle  

Halter  

Pack-saddle  and  harness  

Lashine-girth  and  rope  

Ammunition-ehest,  or  carriaee-maker's  tool-chest,  empty 

Forge-chest,  or  smith's  tool-chest,  empty  

Ammunition-chest,  packed  

Forge-chest,  packed  

Smith's  tool-chest,  packed  

Coal-sack,  filled  with  charcoal 


Cnrringe  maker's  tool-chests,  j 


Inche*. 

7.0O 
2.75 
0.62 

2.50 
8.50 
27  JM  » 
9* 
7' 

43.70 
71. So 

2.44 
61.00 
73.  oo 
38.25 
30.20 
3S.O»» 

2.00 


32.  B0 
4.75 
9.35 


32.  SO 
8.00 
16.25 

Ponn<U. 

220.0 
157.0 
65.0 
5.0 
3.0 
205.0 
30.0 
3. 
3. 
44.0 
8.0 
20.0 
42.0 
112.0 
115.0 
117.0 
25.0 
45.0 
45.0 


.5 
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Shot. 


1 


l)lam«tor....ln 


184n. 


12. *7 


IMn. 


11  .««■ 


•i-in 


WrUhL  lbs   294  .00  231.0"  12-* •».» 


42 


CM 


as 


12. 7« 


24 


3<W  5.17;  <  W 


11 

.M  12.*'  9  2 


1 


c 

4 

a 

1 

t  > 

Hi 

lV, 

;  i" 

i.o;  h.w, 
i 

1 
I 

SAW/*. 


I>l»m«-t«T  

ThliA  n»»n*  <>f  y  Trnr  ... 
»l»li  »  »U'l-  <5 r«-:ttr !<t 
tuitt'ifn.     (      :i*t  .  ... 
Tlilrktn-v«  M  fu/.flii»le  . 
l»lam<M.T  of*  K.Xterlur. 

fiJZ<  -hnl*'.  i  Itit<-ri'ir. . 
l»i»Uiicv  tnlwi-cti  cars. 


For  C'oluiuM 
n«l»  ami  S  C 
llowltx.-rv 


lain.  N-ln 


In. 
9  --7 


In 


For  Mortars. 


18-ln.  lo-lti  v-in 


In.  In 

7 12>7o  9>7 

2  <n>  i  r-Ni  j  iii)  ]  tit  \  '<:*< 

2  10    1  .V4i  2  1  7«  1 

l  ■.*»  i .    i  l  .wi  i  m>  l  .i  ;■> 

8.UO  2,250  2  J'H»  1  rti  l.fc'm 

14.%   1  .1ft -I  1  1,75  1  :im> 

MO   1  ("Ht1  1  4-M  1.51  1  1M 

fi.l*J    5.1**1  7,li0»  0.11"  5.  KM" 


Fur  Onn«  ami  Howltxcrv 


In.     In   |  In.  |  In.  <  In. 

f>  M  ft.  25ft  5.f.N<i  5,i;ni  ,vn 

!  J  ll>tl  l|  'Jimn  Tin 

1.25  1 1  too  0  i».*Ji!  I)  *>*•*  i'  74il 

1.1.*  0  '.»r->  ft  N.V  (I  i| 

]  . -o  1  A.'*'  1.850 !  I  85"  !  liVi 

J  im  ll  »Hio  ft  .9)Nll  Q  <MNI  i>  '.UK' 

o  7*  o.fi'ji  o  tiy-'  o  a»'  n  .74* 


WVI^bt  101 .00  5o  5  0  197.000  ?7.50  44. N"'  81  00  22.V*»  17.0ft"' IS. 4*M<  V400 

i  I  !  I 


The  8-inch  mortar  .shell  is  used  lor  the  siejjediowitzer. 


Spherical  Case  Shot. 


I 


|  8-in. 

4, 

3> 

'2» 

18   |  12 

6 

U 

;    7. SSI. 

o.7<»" 
o.725 

1* 

rt.84«» 

o.fi7.r> 

In. 

f..2.lo 

II. ♦.(Mi 
»».»".'_'". 

In. 

•.;..) 
•>..r.75 

In.  In. 

5. 17"  4. 
M  .  5"<  -  o .  4  ■ 
".525  <».47.". 

In. 

H  .  5  Hi 

• ' .  Si;< 

n.Hs." 

«.!.:».  (  L«'»rt   o.«75  O.K251  i'.675 

Thickness  of  nu-tal  nt  the  fuz*- 

hf»le   l.fion    1.5<  hi,  1  .5u<» 

K»<liu<  of  reinforce  at,  thv  fuze-1 

hole  1  3. (Mm   2.75"  2  . m  i  "J  ,  ]  i  m  i  1  .  Km  >j  1  .4"* 

Dianifter  «>f  f  Exlerinr   1.2""'  1.2""   1.2""   o.«»un  H.yiMi  n.«»oi  i.J)im 


".52:i|'».47:»«».4u5  n.sa. 

I         '  I 
1 . 1 1 h •  1  .  1*mi  ii . 75"  *i.75' 


fuzt-hoU,  }  Inuriur   o.y.;..  y.u7;»  ".975 

I 

M.»n  wtitfht  lb* .  :*".<><.,,    . .     .  1  ..km* 

: 


o.735  ".7:i.m».7Hmi.7h> 
I 

1I.m;i.h.7ih  .;.1o.  :i. <.c.. 

Tlic  thiekncivs  of  in-tal  at  the  fuze-liole  is  auppivd  to  Ik?  rnraniireil  in 
the  axU  of  the  fuze-hole,  betwi-m  the  spherical  surfaorn  of  the  shell  and  of 
the  reinforce. 

The  fuze  holes  of  shell*  and  sj»hcrical-ca*e  shot  taper  0.15  iiuli  to  1 
\n>  h. 
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Diameters  of  Shot  and  Shell  Gauge*. 


I>iaineter. 


13-ln.  I  lWn. 


Larire   12.90  9.90 


S-ln. 


90 


Small   12.80    9.80  |  7.80 


42- j*l  r. 


6. 80 
6.76 


82-pdr 


6.27 
6.18 


24-pdr. 


5.70 
5.61 


5.18 
5.10 


12-pdr 


4.53 
4.46 


6-pdr.  I 


3.60 
3.54 


Canister- Shot  Gauges. 


■ 

DiameU-r 

; 

42-pdr. 

82-pdr 

24-pdr.  Gun, 

and 
Ma.  How. 

l$-pdr. 

12-pdr.  Gun, 

anil 
82-pdr.  IIow. 

9-jidr.  Gun, 

and 
24-pdr.  How. 

6-pdr. 

12-pdr.  How. 

Large . . . 

1 

Small  . . . 

2 . 26 
2.22 

2.06 
2.02 

1.87 
1.84 

1.70 
1.67 

1.49 
1.46 

1.35 
1.32 

1.17 
1.14 

1 .08 
1.05 

Grape- Shot  Gauges. 


r   - 

!  DlauicUr. 

42-pdr. 

82-pdr. 

24-pdr. 

lS-pdr. 

12-pdr. 

!' 

3.17 
3.13 

2.90 
2.86 

2.64 
2.60 

2.40 
2.36 

2.06 
2.02 

Dimensions  of  Cylinder  Gauges. 


10-In. 

8-in. 

42-pdr. 

82-pdr. 

24-pdr. 

IS-pdr. 

12-pdr. 

6-pdr. 

5O.00 

40.00 

35.00 

32.00 

29.00 

26.50 

23.00 

18.50 

9.90 

7.90 

6.86 

6.27 

5.70 

5.18 

4.53 

3.60 

C  •••••••  . 

10.90 

8.90 

7.86 

7.27 

6.50 

6.00 

6.35 

4.40 

i\  •  •  .     t  »  •  • 

11.15 

9.15 

8.10 

7.50 

6.70 

6.20 

6.55 

4.60 

• 

2.50 

2.00 

2.00 

2.00 

1.75 

1.75 

1.50 

1.50 
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l^n^th  of  tin  for  cylinder,  developed, 

!  Height  of  ditto  

Interior  diameter  of  cylinder  

Diumeter  of  plates  

Height  of  finished  canister 


FOR  SIEGS  AND  C.ARRUOX  GL'NS. 


42 


ix. 


32 


IX. 


24 


IX. 


.  •  •  •  • 


21  .50  20. (Hi  1S.3< 
V».fio,  y.<i4ij  8.25 
6.78   6.19'  5.6.x 
6.73   6.14,  a.5>> 


Xumher  of  tier*  of  *hot   4 

N mill  tr  <>f  ^hut  in  each  of  iho  three 

i     lower  tiers  

NurnlnT  of  shot  in  4th  tier  

Whole  nuniher  of  »hot  


6 
27 


7 
6 
27 


18 


12 


KOR  8  IX.  | 
HOWITZERS.  , 

8e<l  | 


IX. 


IX. 


IX. 


IX. 


16. 7o  14. 40  25.10  25.  H 
7.7o   6.75  '  8.60  8.6< 


5.12  4.47 


80  7>- 


5.o7   4.42  I  7.75  7.7 


Weight,  finished  eaoiiter  lbs.  48.00  37 


7.35 

6.  ho 

6.0(, 

4 

4 

4 

7 

7 

7 

6 

6 

6 

27 

« 

« 

00  29. (x 


12  I 
12  ! 
48 


12 
12 
48 


23.00  ]5. 00  53.50  54. 5< 


Grape-shot. 


Diameter  of  hirpo  >;aiii 
Diameter  of  snwill  gau; 





^  Mean  weight   .  lhs. 

ii  .    .  _ 


8-in. 


42 


6.1o 


4 . 2' 


IX.        IN.      IX.  IX. 

3.6o  : : .  17 

8.51  :* .  1   i.b'\  2.f.».  2.8»; 


18 

12 

IX. 

IX. 

2.4" 

2.0«' 

2.86 

2.02 

1  .8" 

1.14 

Canister-shot. 


: 


NAT  (RE  Of  ORDNANCE. 


=  t 
*  3 


1-1  •»* 


P.  IT**"    L  1  ** 


IN.      I*.   I    IN.        IX.    t  IN. 

Diameter  of  larL'e  piiifro  2  . 2<*>  2  . '»♦*.  1>7  1.7"  1.49 

1 


Diameter  of  amall  gau-e  2.222.M2,  1  .  !"4  1  .67 


Mean  weight. 


.11*.  I  .5"  1.11  ".««►  0.64 


U-|H!r,  ll'JW-  | 


i 


1  : 


IX.    |    IX.    |  IN. 

1  .8.*.;  I  .17  1  .«•■»  Mus  j 
1.32  1.14    l.oi     krt  I 


•>.43  0.82  0.21  o.M 

i         I  > 


hall. 
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APPENDIX. 


Grape  shot  Stanch. 


S-io. 


•••••.....« 


Diameter  of  plates  

Thickness  of  plates  

Interior  dinmcter  of  rings  

Diameter  of  round  iron  for  rings  and  pins. 

Length  of  pi.',  including  tapped  part  

Height  of  stand  between  the  outsidea  of  the 
plates  


IN. 

7.85 
0.60 


0.60 
14.70 


9.85 


•WEIGHTS.  LBS. 

Plates  13.  CO 

Pin,  nut,  and  rings  I  4.75 

Stand,  complete."  74 


42 


32 


IX. 

6.83 
0.60 
5.7° 
0.50 
9.25 

8.75 


IN. 

6.24 
0.50 
5.16 
0.50 
8.70 

8.20 


24 


IX. 

5.68 
0.50 
4.75 
0.38 
7.88 

7.50 


LBS.  LB*. 

8.001  6.7ft 
2.60  1.81 


LBS. 

10.20 
2.80 

50  51  .25  39.75  30.61 


18 


in.  I 

5.17 
0.40 
4.26 
0.38 
7.18' 


12 


IN. 


4.52. 
0 .  4<  > 
3.80 
0.32.: 
6.12 


6. 80'  5.8<'M 
I 

LBS.  ,, 

3.4Jl' 
0.61-1' 
14.84  i 


4.56 
1.12 

22.15 


Ch'trae*  for  Mortar  Shell 8. 


13  in. 

10-in. 

8-in. 

Co.  bora. 

LBS.  OZ. 

LBS.  OZ. 

LBS.  OZ. 

i 

LB*.  OZ.  | 

(  Of  the  shell  filled  with  powder. . . 

11  o 

6  0 

5  0 
2  0 

2  9 
1  0 

1    0  K 
0  8 

0  6 

0  5 

0  4 

0  2 

(  Oinnnii-powder . 
!  Ordinary  Service-charge,  S  InuendYy  match, 

(   or  other  com  p. 

.    .  ..... 

7  0 
0  8 

3  0 
0  6 

1  12 

0  6 

Dimensions  for  Field  Cortridae  Bays. 


DIUKNSIOXS. 

12-pdr.  srun ; 
3--'  an  l  21-i>dr. 
howiUera. 

6-jxlr.  frun, 
nivl  12-|«lr. 
howitzer. 

KCXABKS. 

In. 

In. 

Length  of  rectangle  (cylinder 

14.20 

11.40 

1  in.  allowed  for  seam. 

10.00 

7.25 

0.5  in.  da 

5.25 

4.37 

1  in.  do. 

Digitized  by  Google 


AITJ1NWX. 


31 


M»!     •  f  m».  i  :  <  "j')- r  ;  t'-T  u»,-  tti  thf  j. .irk  »1i->:iM  !'«•  tna-h- 

«i'li<'-:?  Ii:itn;,<  f» i r  tin*  <  <.u\ ,  .  of  jmUm^  tlx  in  up  ill  :i  u«  »t  ;  tl^-ir 
f<>nu  i»  <  \  ! 1 1 j . i r : *  .il,  tin-  ,Mrri.»r  <li.i«n  t«  r  an-l  hr:^ht  \*  in^  v  jun]. 

7"  riii'i  thr  (/»  fff(/.',r  ur,  /  htt  )ht  of  n  r>,'n„ifr  to  contotu  a  'jirrn  ywcu.- 
Iffy  >-f  :/h »-/»"•  f/rr,  miiltij.:^  thr  w.:j).t  it.  j.  uu-U  l.y 

-i-.i  for  .  n-.'tMii  niw.Iit  I    t      ,.  . 

w.i  f»r  Liu  Lt  ,r  rill,-  ,-n.j.r.  ,  '    ,,u,,!,,i"*  'Un*it\, 

.i'.-J  uki-  llv  i  u!i*  n.H.t  of  the  2>r'*lu"t. 


lhrn'MUMM  r/  V  erier  \f,u*HTti. 


*    •."  -f      i> .     Sf       w.  .  •  ,f      r  -.r 

J"'  *•        '  »   .     '  "   -  1!- 


la. 

it 

1  v.: 

- 

•  t 

• 

J  u*U 

« 

•» 

4  ATI 

1 

-  1:4 

i  > 

4  v.: 

<» 

♦« 

- 

I 

«• 

1 

o 

&  %*  H 

i 

- 

• 

1 

<. 

•  > 

••  l  .*> » 

■ 

V.  ^ 

■» 

- 

«.  1 1 


t   ■  m    -  iT; 


-r  •  >  • 


f-.  L»- 


1 

j  ... 


-  .A 


1  <» 
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APPENDIX. 

Dimensions  for  Field  Howitzer  Cartridge  Blocks. 


DIMENSIONS. 

82-fdk.  nowrrzKE. 

Pmall 

La*g* 
ehargr. 

i 

Small 

Id. 
4.15 

In. 
4.150 

4  15 

4.W 

Distance  from  middle  of  gr»K>ve  to  bottom 

of  Mock  

Width  of  groove  

Depth  of  groove  


0.40 

0.3<» 
0.16 


0.875 

0.300  1 
0.150  , 


0.40 


o.so  o  r.. 
0.15  I 


Stamps  for  Blank  Field  Cartridges. 


(  for  catting, 
Stamps,  •? 

(  for  sewing, 


In.  Jr. 


Width  1  7.6  '  #  • 

Length,  including  semicircular  end*   lo.5  1  &  i 

Width  I  .12 

Length,  including  semicircular  enda.  j  I0.i»  :  !»_■• 


Dimensions  for  Formers  for  making  Paper  Cylinders  and  Cap*. 


WMEXSMXSl. 


Paper  for  a  cylin-  (  Length,  developed., 
der  and  a  cap.      (  Height  

For  larj 

For  email  charge  . . . 


IKight  of  cylinder.  |  For         chnr*e  •  •  •  • 


Former*  for  cylin- 
ders and  cap*. 


Length  (exclusive  of 

handle)  

Width  at  upper  end. 
Width  at  lower  end. 
Thieknew  


Cylindrical  formers  )  Length  


for  c.rxs. 


12 


In. 


In. 


32 


11 


14.40  11  .fV  14. 4"  H.4'»  1  I  * 
12.50   11. 5<\    12.00   lO.Oni  * 

5.0*)     4.0"       5.25  5.5«i 
4.00     3.5«      6. On.    5.0»  2 

I  '  j 


15.00 
6.71 

6 .  r.<  • 

0.15 


13.0. 

6 . 2: 

6.17 

o.i; 


10.0"     10. CM' 


for  choking  cap*.    )  Diameter  1    4.3o  3.H- 


n 


- 

7. 


■ 

! 


I 
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Dimmsinn*  o/  Cartridyt  Bagt  for  Skft  and  Garrison  Ammunition. 


lb- 


<  otr  »  »i » t-* 


■oWITI 

~l 


9      8      I  ;  i  •  2      i     I     i.Z   lt-i.  «u 

I  1        •  I 


1J  c      4  «• 

it  oo 

ft  oi. 

,J 

1*  ■ 

la 

u  1 

i 

la       la.  ! 

!  J 

u 

la 

:  oo 

•  40 

P 

!i  ft 

•  - 

4  ' 

>  m 

11 

f  *»     4  « 

n  *»•  » 

1 

»  :«> 

i 

4  4" 

,     l*mrM.<|»  I    •  t*  114  I  4*  ITS.  f  *•  4  4N  4  4*  |  «r>  t  K\ 

,  »i  !t-.j«Hi-c  »ui»r  .  w  »  iu  i»  it:1  !»  iC"  ii»  ;  •»  it  u 

»     ?b    -f  timing                                   '                      ■  I 

•     Mrf^lh.  flm^lhu  4  V.  t  »  1  r\  4)  4>  It  T»  •  42.  •  4T  }*  V. 


«^i»-fltT.  .V4  •luff  for  ICO 

1  ••«»  


4  V.    •  »    1  ^    T  M    43  •>  It  T»    |  K.     t*  !•!> 

1*       I*  an  14       17       14—  14       W  •»    14  »  1*431 

II        10  U>    II  »•   II  •»»    »  .<  14        It  .v»     t  II  •« 

»  ,  it  '  o    m  |  ii  n  I  »  ,'  u  i  >  i 

*  ft 


ft  4* 

10  v 

i 

4  V 

15  »• 
•  OV 


ion*  o/  SahtlM  for  Str<f*  and  Garris»n  Ammunition. 


I. 


14 


«  •  «<  !»  4*  I  Ikrf  t* 

iw  U 

P4J4UM 


.  » 


I  •     tf  I*  I  I  k*  ft  It 

14»  UU   |  IU-1I.W 


4  >     4  •»     ft. 44     in   I  U 

i  «•   4t»   •  n   •  »  tM 


■  ■  a 


*  1 

■ 

tiirmuN 

in 

IMaj 

Ma 

la 

14). 

la 

la 

t  M 

1  «*» 

t  «*> 

?  ™ 

i     #  ^* 

'  ;» 

*  41 

*  74 

4  :s 

4  a 

I  75 

4  14 

1  •»> 

1  <•» 

:  <■» 

•  • 

- 

1  «*> 

l>tmcni>oni  of  H  inrh  C <i*>$Ur  Sahots. 

■ 


Ml « 


I 


u 

1  la 

i  tftft 

;  7 

• 

■  i 

th»ii..t#-r  .  f  r.hh.i.r  f-  r  i 

••til                7. »A 

7  »» 

,  •»  7ft 
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Dimensions  of  Sabots,  Field  Guns,  and  Howitzers. 


12-ppr. 

<Vt  N. 


6-PDR. 

Ol'X. 


8-2 -vp  it. 

lloWITZEB. 


i>isi»x»ioft«  or  sahots. 


Wliol<»  1]  f  5  ch  t  

Or  jkt  •liutiu-trr  

I  »i:iNn't«T  i if  bottom  of  C'Hi- 
lca]  j  art  

Ilolirtit  <.f  conicil  part  

1  liNitiet.T  at  button)  ..f 

l:A  

\  1).     h  . . . 


Ht  iv'lit  of  c.vIIikKt  for  tin. 

I>l:UII.'t.T  <  f  " 


i-.it-  it  

.)i-1:iM..v  b. 

of  trroovrt. 
' ) i-.t:ir  t-'  l.vl 
hiinlk-K  .  . 


1 "? 

if  C 

is 

a 

"  1 

5t  S 

/.  r 

a 

c! 

c  1 

lis! 
-  ! 

4W 
A 



In. 

In 

In. 

In. 

In. 

In. 

In. 

'2.00 

•2  2.<> 

4..'»a 

S.35 

2  25 

2.40 
5.00 

4..V 
2.40 

4.7^ 
6.24 

4.M 
4.0*1 

9  40 

4  6-t 
2.4»> 

4  4J 

SOS 

4  t*\ 

ft. 75 

4.1.% 

l.ro 

- 

4.15 

8.20 
I  0» 

3.2) 

4..'.'» 
l.» 

4..W 

4  00 

l.M 

4.60 

2.-V. 

0  .VI 
4.47 

1.5*0 

0..V) 

3.12 

o.7!v 

2.S4 

0  70 

0.40 

0.W 

0.40 

0.40 

l.M 
'.2.0o 

2  ™ 

M.u.r 

1  N> 

12.00 

2  W 

Dimensions  of  Fuze  Plugs, 


Exterior  diameter,  j  £      —  ; ;  ; 

Interior  diameter,  J  *  ; ; ; 
Height  


For  82-pdr. 
spherical 

CAM. 

For  other 
•hells  »n<l 
s(ilmric»l 
case. 

Id. 

Id. 

1.25 

0.96 

1.025 

0.75 

0.60 

0.50 

0.426 

0.4325 

1.60 

1.35 

<,  Ex*crior  Uptr  CUi  ii. 
\     to  1  in. 

(  Interior  tawr  0.03  ia. 
}     to  1  in. 
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Ch.tryttfor  FM  Shrlh. 


■ 


it*  Wl. 


)  To  fill  th*    1  ft 

r,.w.!*r    1  To  LurU  "   |  '»  11 

Tr.{i.lt~\   f  T»     <•*  »M  Hi.  f.ur  plug.  .  •»  S 

J  K«r  wrM.^r  rU«rif«   I  0 


M-PKK 
ItML  .4 

1  o 

».  la 


s  i 
i 

5 . 


Chttrftt* for  Sphrriral  (%itt  Skot. 


"  i 

24 

175 

ft 

I  t  74 

U.JH 

ll.iw 

of  f'nnittrrt. 


t*WK>M<>««  of  I  IHRTIU. 


Ilr^htof  .Jut..'.  


j    Tli  .kf       ,><  t  ,  Ul.   

!      Ll^w  <'f  »J>»^5  ir...i  .-.»*»  r  

Hi  lfcl.t  of  fii.l«l..«J  <  »f  iM#f,  lu«  1'Jiltf      *+\-  I 


V'jm'wr  <vf  tirr«  ..f  i)  •■'   

Nt.H^-  T  .  f  ir.  i  l.-w.r  1<> 

V<  ,.l*r  .  f  .ii.  I  ■  »  4ti.  i»*f  

r.»..,'-r  »»,..<  


W,<CM  tf  fli,i4.^1  <-«»u<r . 


12 

i  « 

S3 

24  12 

1 

I- 

U 

u 

14  4" 

ii 

; ,  i  <■• 

l*»  S'» 

14  4<» 

&  $ 

:  i» 

f.  a." 

i 

4 

a  a 

/,  |y 

if.* 

4  43 

4  4" 

4* 

'.  14 

4  4" 

<•  Ji 

■  ■ 

* '  : 

<■  s:. 

u  ■  7 

..  <  >7 

<i  | •  ■ 

ti  |.« 

*  >p « 

f  7i 

'■■  >• 

<*  ii 

., 

4 

4 

i 

4 

4 

♦ 

• 

7 

'  l 

13 

i 

IS 

12 

17 

.4  •»» 

7^: 

«l  Vi 

■ 
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Dimensions  and  Weights  of  Fixed  Ammunition, 


Height  of  charge  of  now-  1  .. 
del  including*  cartridge  I  Uf»«  charSe 
blocks  for  32  and  24-pdr.  (  „     ..  , 
howiUrm   J  Smft11  cbarPe 

Height  of  strapped  shot  or  shell. . . . 

Height  of  canister  with  sabot  

(  Shot 

Height  of  a  round  of  fixed 
ammunition,  with  cap. . 


Shf  H  

Spherical  case. 
„  Caniaicr  


Cartridge,  including  car-  (  Large  charge. . . 

t  ridge  block  \  Small  charge. . . 

Shot,  strapped. 


Shell,  strapped  and  charged  

Spherical  case,  strapped  and  charged 

Canister  with  sabot  

Shot 

Round  of  ammu- 
nition, complete 


Shell,  with 
Spherical 
Canister . 


charge 


fob  guns.  roa  iovu 

! 


12 


In. 

6.00 

4.00 

5.02 
8.00 
10.40 

9.50 
12.40 


2.56 
2.0rt 
12.75 

11.43 
14.80 
15.40 

13.50 
lft. 91 


In. 
4.00 

8.25 

4.13 

6.76, 
8.4a 

7.8o' 
10. 3o 

1.30  ; 
1 .0.\ 
6.28; 

1 1 

5.75 
7.32  j 

7.o<yj 

6.821 
8.40 


82 


la. 

7.40 

7.40 

7.14 
10. 50 


3.88 
3.10 

24. 60 
31. UO 
28.50 

27.70 
84.10 
31 


24  12 


.401  ) 

i 

.58* 
.55 


3  >• 


■ 


Ilk    .  » 

11  .» 


2.70 

a.34i 

18.8«> 
23  A*  • 
21.25 

21.15   10.  S- 
26.34  12.5** 
23. 60!  11. 


I  Cl 
9 

11  J;- 
10 


Charges  for  Shells  fur  Columbiads  and  Heavy  Guns, 


chimb  or  rowDta. 

coLraauM.  ^ 

1 

or*a  1 

10-ln. 

6  in. 

43 

88     J  84 

19 

ii 

Lb*,  ot. 

8  4 

1  A 
0  10 
8  0 

Lba  ot. 

1  W 
1  0 

0  8  1 

1  8 

Lb*,  oa. 

1  8 
0  IS 

0  8 

1  4 

Lb*  ox. 

1  5 

0  11 

•  8 

1  0 

Lbs  os 

1  0 
0  S 
0  8 

0  11 

Lba  oa 
0  11 

•  ; 
0  1, 

Lba.  « 
•  < 

i  •  s 
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I>i*in«Wr  of  tut* 


J  st  ii|»jwr  f  rt«l  i  I  .  *4 

V  it  |..»rr  ro  l  of  firtt  ronf   1  *>'• 

)  low rr  .-o.l  of  tut*   |   I  « 


lH»m*!*r  tif  th*  U«r»  

I.^i.tfl'i  °f  fir»t  ron#  

|V|>th  nf  tb«   

Ixri^lh  i»f  #H»n»|w»«itJoO  

U  \>4>l*  ]rT>f\\t  «»f  fu*>-  ,  .  .  . 

!/•  ftlfth  of -nil  <Jrifl  }  { 
L>iaujct*r  of  drift*  


WeifM  eif  trnnpotition  f.»r  )'•' 
W.^ht  «.f 


fut#*. 


1  M 

• »  >  i 

it  4<i 

2 .  ** ' 

i»  *»<» 

1  S»« 

V  •■' 

*  ««• 


Tim*  W 
b*r*!*tf  1 

:  i.... 

1 

« 

i 

1 

• «  •  •  • 

1 

1 

i  •  • 

1  1  ~* 

(  Ft*  loinrb  *»d  ft  im* 


,  t        |:>  tnrh  »*d  !«•  inch  uiArtart, 


r\.r 


II 
J 
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Composition  for  Paper  Fuzes  for  Hea  vy  Guns,  Hoieitzers.and  Columbiads. 


No. 

Nitre. 

8nlphur. 

Mealed 
powder. 

Time  of 
burning  for 
1  inch. 

1.... 

26 

9 

14 

10  pec 

2 « •  •  * 

26 

9 

12 

14  sec. 

8 . .  • . 

26 

9 

10 

20  sec. 

Portfire  Composition, 


The  English  use  ....  Nitre  60  parts. 

Sulphur  40  " 

Mealed  Powder  20  " 

The  French  use  several  kind?,  one  of  which  is 

Nitre  16  parts. 

Sulphur   7  " 

Mealed  Powder   6  " 


Sheet  Metals  and  Wire. 

Sheet  metals  and  metallic  wires  are  designated  by  iVb*.  correspond- 
ing with  the  thickness,  as  indicated  by  the  ordinary  iron-wire  gauge. 
These  gauges  do  not  exactly  agree  with  each  other,  but  the  following  table 
shows  very  nearly  the  thickness  corresponding  whh  the  several  Nos. 


No. 

Thickness. 

No. 

Thickness.  J 

No. 

Thickness. 

No. 

Thickness. 



IN. 

IN. 

IN. 

i 

IN. 

1 

0.313 

9 

0.161 

17 

0.057 

25 

0.028 

2 

.292 

10 

.143 

18 

.052 

j  26 

.020 

3 

.271 

11 

.125 

19 

.047 

27 

.018 

4 

.250 

12 

.113 

20 

.042 

28 

.016 

fi 

.233 

13 

.100 

21 

.037 

29 

.014 

6 

.216 

14 

.088 

22 

.081 

80 

.012 

7 

.200 

16 

.075 

23 

.028 

8 

.180 

16 

.063 

24 

.025 
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Making  Cartridge*  for  Small  Arms. 


MMl«l.'M  Of  PA  TEH   fOR  CARTKlI'oEA. 


RirLc . . 
Pbtol  . . 


f 


Singla  ball,  or  ball  and  bu<-k 

•hot  

Blank  

12  buckohot  

Hall  

Blank  

Ball  

Blank  


5 

! 

5Q 

d 

*  1 

i 

c 

.3 

•j 

Ml 

X 
B 

-a 
.3 

-a 

**  % 

-  ~ 
sr.  » 

W. 

m. 

16.5 

13 

4.  S3 

5.25 

S.0O 

12 

20.0 

16 

4.<»0 

4.75 

2.75 

20 

16. 5 

18 

5.50 

5.00 

3.oo 

9 

16.5 

IS 

4.00 

4.25 

2.25 

16 

20.0 

15 

8. On 

4.25 

2.25 

30 

16.5 

IS 

2.75 

4.25 

2.25 

24 

20.0 

15 

2.5<> 

4.25 

2.25 

36 

Tible  of  Dimensions  for  Formers  for  making  Cartridges  with  elongated 
expanding  balls.  {The  dimensions  are  referred  to  the  plate  by  means  of 
the  letters  placed  ojjposite  to  them.) 


1 

Alt*r*l 

• 

■ 

Inch**. 

Inchr*. 

Inch**. 

ii  2 

e 

i 

8.50 
2.50 
5.25 

3.50 
2.25 
4.25 

3.50 
2.25 
4.25 

v  Outar  wrapper. 

I 

1.10 
2.75 

l.no 
2.00 

0.*0 
2.00 

j-  Cylinder  caw. 

1  — 

1 .50 

2.75 
3.76 

1  SO 

2.20 
1.00 

1  .10 

2.20 
8.00 

|  Cylinder  wrapper. 
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Range*  of  Field  Guns  and  Howitzers. 

The  range  of  a  shot  or  shell  in  this  table  is  the  first  graze  of  the  ball 
on  horizontal  ground,  the  piece  being  mounted  on  its  appropriate  field 
carriage. 

The  range  of  a  spherical  case  shot  is  the  distance  at  which  the  shot 
bursts  near  the  ground,  in  the  time  given  ;  thus  showing  the  elevation  and 
the  length  of  fuze  required  for  certain  distances. 


KIXD  OF  ORDNAKC*. 

Powder. 

XMIL 

ruw.HAfi 
r.le\  atliin. 

Kongo. 

LBS. 

YARDS. 

• 

6-PDB.  FIELD  GUI*. 

1.25 

Shot 

0  00 

818 

« 

1  00 

674 

H 

2  00 

867 

«« 

8  00 

1138 

»• 

4  00 

1256 

•  « 

5  00 

1523 

1.00 

Sph.  case 

2  00 

650 

Time  of  flight  2  Bee*. 

shot, 

2  30 

840 

n 

S  00 

1060 

44                      44  4 

12-PDR.  VlELD  CUJf. 

2.50 

Shot 

0  00 

847 

«• 

1  00 

662 

H 

1  30 

785 

U 

2  00 

909 

It 

8  00 

1269 

M 

4  00 

1466 

•  < 

5  00 

1663 

1.50 

Sph.  case. 

1  00 

670 

Time  2  seconds. 

«« 

1  45 

950 

« 

2  80 

1250 

41       ^  <4 
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Ranges  of  Fitld  Guns  and  Howitzers. — Continued. 


BHD  OP  ■  r.: «  4  m  T. 

Powdtr. 

Deratloo. 

Range. 

 .  :  - 

K  KM  A  UL 

LM. 

•  » 

TAIM. 

hew  12'Pde.  mi*, 

2.50 

Shot 

M 
M 
•< 
•• 

•  4 

0  00 

1  (N) 

1  so 

2  oo 

3  00 

4  00 
6  00 

325 
615 
784 
876 
ISO] 
1822 
1619 

2.00 

ShelL 

14 
1  • 
M 

2  00 
2  30 
I  00 
8  75 

787 
1*26 
lo79 
1300 

2.50 

Spll.CM*. 

•  i 

N 
M 

0  30 

1  00 

1  30 

2  00 
S  00 
8  80 

3  75 

j 

804 
574 

633 
731 

1135 

1  2-pdb.  nxu>  uowiTztt. 

1.00 

Shell 

M 

M 

#1 
II 
II 

0  00 

1  oo 

2  00 

3  oo 

4  (Ml 

6  00 

195 
539 
A40 
847 
975 
|  1072 

i 
I 

0.75 

■i 
•  1 

2  15 

3  15 
3  45 

485 
715 
1050 

Time  2  •econJ*. 
8  •• 

Carried  over. 


42 


Ranges  of  Field  Guns  and  Howitzers. — Continued. 


KIND  OF  O&DKAXCS. 

Powder. 

Ball. 

Elevation 

Range. 

• 

LBS. 

o  r 

YARDS. 

Z4-PDR.  FIELD  HOWITZER. 

2.00 

ShelL 

0  00 

295 

H 

1  00 

516 

II 

Z  Uv 

i  70 

it 

3  00 

976 

14 

4  00 

1X29. 

1.75 

Sph.caee. 

2  00 

600 

Time  2  seconds. 

«< 

8  00 

800 

"    3  " 

•( 

6  80 

1050 

-    4  " 

2.00 

<• 

8  80 

880 

32-rDK.  KIELD  HOWITZER. 

2.50 

Shell 

0  00 

290 

«< 

1  00 

531 

M 

2  00 

779 

M 

3  00 

102* 

l« 

4  00 

1203 

u 

5  00 

1504 

2.50 

S  ph.  case. 

3  00 

800 

Time  2.75  seconds. 

Ranges  of  Mountain  Howitzer. 


Charge. 

Ball. 

Elevation. 

Range. 

LBS. 

YARDS. 

0.5 

Shell 

0  00 

170 

M 

1  00 

300 

M 

2  00 

392 

•  1 

2  80 

500 

Time  2  seconds. 

It 

3  00 

637 

II 

4  00 

785 

Time  3  seconds. 

M 

6  00 

1005 

0.5 

Sph.  case 

0  00 

150 

« 

2  30 

450 

Time  2  seconds. 

u 

8  00 

500 

u 

4  00 

700 

Time  2.7  seconds, 

It 

4  30 

8u0 

Time  3  seconds. 

0.5 

Canister 

4°  to  5° 

250 
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Rangn  of  Heavy  Ordnance. 

The  range  of  a  gun  or  howitzer  in  this  tablo  is  the  first  graze  of  tho 
ball  on  the  horizontal  plane  on  which  the  carriage  stands. 


*im>  or  OBPKAMOS. 

Powder. 

B«JI. 

Elevation. 

Eanfe. 

"HAM*. 

LBS. 

TARD« 

18-FDB.  RIKQC   AMD  OAR 

4.50 

Shot 

1  00 

A41 

W»OJI  QUS. 

<• 

2  00 

•80 

On  barbetta  carriage. 

<< 

S  00 

1256 

#4 

4  00 

1454) 

It 

6  00 

1592 

24-rOB.  SItOK   AXD  OAB- 

ft. 00 

Shot 

0  00 

412 

BtftoN  OCS. 

M 

1  00 

842 

On  siege  carriage. 

u 

1  30 

•53 

«4 

2  (K> 

1147 

•  t 

3  oO 

1417 

•  « 

4  »»0 

166ft 

•  • 

fi  00 

1901 

• 

8.00 

1  00 

888 

H 

2  00 

1170 

8  00 

1454 

44 

4  00 

1639 

aj 

6  00 

1  Q  If  4 

1884 

3i  ri>«.  SBA  OOAMT  OCJI. 

ft.  00 

Shot 

1  45 

900 

On  barbette  carriage. 

8.ou 

•« 

1  00 

713 

ti 

1  80 

8<  K) 

44 

1  X5 

900 

44 

2  OO 

1100 

•  I 

8  00 

1433 

M 

4  Ch  i 

1684 

44 

8  Ou 

1922 

io. «: 

M 

1  00 

78o 

44 

2  <N) 

1158 

<4 

8  00 

1517 

42-ri>a.  iba-coast  crx. 

10.50 

Shot 

1  OO 

775 

On  barbette  carriage. 

«« 

2  (Mi 

1'MO 

<« 

3  oO 

:  la«H» 

«• 

4  00 

1  16(H) 

<i 

&  (Ml 

1  1955 

14.00 

♦« 

1  00 

1  7TO 

•« 

2  (HI 

1  1 1  '.'8 

M 

8  <m) 

!  I38D 

44 

4  <mi 

1A87 

M 

5  UO 

1915 

44 


R<mge»  of  Heavy  Ordinance. — Continued. 


KIND  OF  OtBHAJIC*. 

Powder. 

Ball. 

EleraUon. 

LBS. 

RHaII 

oncu 

§ 

TAana. 

O'INC-II    MKC4E  HUwITZLH. 

4  .OU 

0 

00 

OKI 
*Ol 

On  siege  carriage. 

1 

00 

4  'A ') 

a 

44 

2 

00 

0 1  s 

« 

3 

00 

« 

4 

00 

QUO 

44 

5 

00 

1  -4  1 

41 

♦  4 

12 

30 

ZZBU 

• 

Shell 

8-HtCH  SEA  COAST  HOWrT- 

4.00 

45  I  be. 

1 

00 

405 

zu. 

•  4 

2 

00 

652 

On  barbette  carnage. 

If 

3 

00 

873 

•< 

4 

00 

1110 

a 

5 

00 

1  ItitlO 

6.00 

a 

1 

00 

672 

a 

2 

00 

OZB 

a 

3 

00 

on 
W47 

a 

4 

00 

1  1  Aft 

a 

5 

00 

1 4  ft  a 

MOO 

O.UU 

44 

* 

1 

00 

1* 

2 

00 

i 

■ 

• 

•« 

o 

o 

oo 

1190 

•  < 

4 

rut 

00 

1532 

(f 

0 

w 

1800 

1 

ivintu  Bi»-(.uAhr 

1  9  fU1 

Oil  1  tin 

1 

00 

unwiT7rp 

oUWITZARa 

<• 

2 

00 

OVl 

Time  flight  S  <V>a*e 

M 

3 

00 

1  1R1 
1  *  oo 

H 

3 

so 

1  ill  Ml 

■ 

M 

4 

00 

1  ^  zo 

n 

5 

00 

1  Aftn 

lOOU 

8hot 

8-rXCH  OOLCMBIAD. 

10.00 

65  lbs. 

1 

00 

932 

Axis  of  gao  16  feel 

On  barbette  carriage. 

M 

2 

00 

1116 

above  the  water. 

41 

3 

00 

1402 

44 

4 

00 

1608 

44 

5 

00 

1847 

44 

6 

00 

2oli» 

44 

8 

00 

23D7 

Shot  ceased  to  rico- 

44 

10 

00 

2834 

chet  on  the  water 

44 

15 

00 

3583 

44 

20 

00 

4322 

■ 

44 

25 

00 

4875 

44 

27 

00 

4481 

4 

15.00 

44 

27 

80 

4812 

1 
1 
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Binge*  of  //wry  On/miner- Continue  J. 


Or  OVUMAMf. 


1<»  I^TO  OOttTMBUtV 

i  >o  titrbttu  <*m»f  <*. 


il 


: 


I 

■ 


i. ... 


• 

TAKt* 

lo  .«> 

It*. 

• 

Vl9 

1 

<-t 

1* * 

•• 

3 

( »♦ 

l4"»  . 

4 

ml 

lev; 

a 

<■) 

IMS 

6 

I** 

!  i 

t*» 

In 

»*» 

- 

M 

1  PI 

tut 

»«» 

4i*7 

■r, 

»*» 

*  IT  1 

13  i«. 

•• 

r, 

J.I 

44»i» 

Shot 

11 

itf) 

in  i 

<4t 

:: 

1 

.-i 

li-t  , 

1 

l«» 

12*.  1 

M   !  4 

<«l 

Ia;o  ! 

(*( 

Ml  . 

•« 

tm 

! 

»• 

<■» 

2il» 

!•> 

«*l 

2777 

11 

t»  1 

2" 

|p> 

4»2" 

2'. 

<■  1 

4:.-4  . 

[•> 

<  Ml 

47*1 

.1A 

INI 

44  M 

W* 

11 

1 

<•> 

in.  i 

J.-'  It- 

2 

•  •• 

1-lS 

a 

f.) 

11  M 

4 

(a) 

1  4  4t 
lA-»4  ' 

& 

(•■• 

ii 

4t* 

i 

1*1 

7«7  I 

a 

IPI 

l|'«i  : 

s 

IK) 

I .' "  •> 

: 

!•) 

1*11 

: 

<»» 

.  N*.l 

<•> 

•• 

« 

cut 

«'4*» 

■• 

)•■ 

<■) 

tmi 

■ 

Ut 

.  «»4 

si 

( 

41. Mi 

M 

i.. 

4**1 

... 

4*i* 

Axii  of  fvn  16  ff»l 
*buv«  tb«  *iUf. 


Shot 
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Ranges  of  Heavy  Ordnance. — Continued. 


nun  or  OKDXAWCf. 

Powder. 

Bail 

ElcraUoo. 

Caocv. 

12-IKCH  COLUMBIAD. 

LBS. 

20.00 
•25.00 
28.00 

Shell 
172  lbs. 

•  • 

•  1 
44 
M 

u 
44 
M 
u 
44 

44" 
44 
44 

Shell 

1  en  Ik* 

♦« 

M 



0  » 

10 
15 
22 
25 
80 
85 
87 
89 
10 
15 
80 
85 
87 
89 
36 

V  & 

85 
39 

TARDA. 

2770 
3781 
4280 
4718 
5004 
5S3S* 
5266 
50*4 
2881 
3642 
5102 
5-4G9 
5«78 
5V»6 
5644 

UDJ  1/ 

5671 
5761 

Time  of  flight  11 

"      26  " 

«    st  - 

-      Jl  - 

"115- 

..      u  .. 

.4  3^ 
44           .«  ~" 

44                       M            4%4&  ~~* 

84;  miles.  Time  3*5  *ec 

13-IX  SEA -CO  AST  MORTAR. 

20.00 

Shell 
200  lbs. 

45 

4325 

12-151.  SEA-COAST  MORTAR. 

20.00 

Shell 
200  lbs. 

45 

4625 

Experimental 

10  IN.  SEA-COAST  MORTAR. 

10.00 

Shell 
98  lbs. 

45 

4250 

Time  of  flight  36  set 

10-lNCU  SIEGE  MORTAR. 

1.00 
1.60 
2.00 
2.60 
3.00 
8.50 
4.00 

Shell 
90  lbs. 

•4 
44 
44 
4i 
44 

45 
45 
45 
45 
45 
45 
45 

800 
7oo 
looo 

1S0O 
16i»0 
1800 
2100 

Time  of  flight  6,5 

"      12  - 

-  lti  - 

-  - 

44           **      19  " 

44                       .4  - 

8-INCH  BTEGR  MORTAR. 

(From  Griffith's  Artil- 
lerist's Manual.) 

lbs.  oz. 

0  \(\\ 
18f 

1 

1  02 
1  0:^ 
1  04| 
I  06 

Shell 

46  lbs. 
44 

<4 
II 
44 
(4 
44 

45 
45 
46 
46 
45 
45 
45 

600 
6<H> 
750 
900 
1000 
1 1(H> 
1200 

Time  of  flight  in  •-*» 
"  11 

"     ]i  - 

-     1.14  " 

44  "14" 
.4            Ui  . 

1 
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R'ingti  of  //fffry  Qnlnntft. — Continue*!. 


■t>» 

! 

I 


H*1L 


i 


SHtU 

• 

ll.ftO 

IT  IU. 

4ft 

• 

*5 

1  .■-» 

45 

«h 

1  ..v. 

45 

i  :s 

•• 

4  A 

•  • 

45 

*  75 

45 

1 

• 

*.«-. 

45 

422 

6  .'»• 

45 

>»  <*> 

45 

1' 


! 


■ 


4*  U» 


11  15- 
.1  4.. 


j  &'-»t«i  6>«i  Th*  n<kM*  wrrv  tir+d  from  ft  trough 
I         t«  1  |.>  f.^t  long. 


■ 


1 »« ■  • 


1;  -.  t.i  H<«»    Wri*bi  <.f  Ji  ineh  rvrkH  6  1U 

"  5|in<h      "  ....U1U. 


Initial  Vel'jfittft  nf  (\ 
tn».l*  »!th  th*  UHitl* 


I 


Hath. 


*|-lr  MJ  pin 


lij-lr  6*M  fin 


  «  15  | 

<  ...  ..i,->         .  ..."  A  *<i  I 

 '  U  • 

 !  / 

*»|  S    I  1  •-» 

•  «untf  r   1 3  >• 


1  21 
t 

|  ... 


1  »*> 
4  ' 

I  >■• 


iHMtJ 


14  * 
1741 

i*'.: 

J2:- 


I4*ft 

1  iyT 
1:'J 
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Initial  Velocities — Continued. 


KIND  OF  ORDNANCE. 

PROJECT!  LI. 

Oargv 

Powdct. 

II 

P 

Kind. 

W«lght 

12-pdr.  field  howitzer  ^ 

Shell  

Lb* 

8.90  j 

Lb* 

1.0O 
1.2ft 

]<44 
1174 

11.00 
9.64 

l.oo 
l.oo 

,:1 

1-14 

12-pdr.  siege  and  garrison 

12.30 j 

2.00 
3.00 
400 

1 

137* 
167* 

[  iv« 

Shell  

8. 90  * 
( 

2.0O  ' 
3.00 

|  1411 
l«i  1 

i 

1  At  I 
1  «  I  I 

1734 
1*83 

213  < 

2524 

• 

12.30- 

f 

. 

Z .  IF  ' 

8.00 
4.00 
5.1*0 
6.00  ' 

8.O0 

24-pdr.  *iege  and  garrison 

* 

24.2ft- 

S.OO 

4.00 
ft. 00  1 
8.0O 

.  

|  ,1  4.1 

I  J40 
1  1140 

Shell  

17.00 

8.00 
4.00 

1     14. <> 
l#Ti' 

29.00  | 

8.00 
4.00  1 

1185 

30.60  -J 

3.0»1  i 

4.00  : 

11*** 
,  1271 

- 
- 

Shot  

32.8o| 

 1 

4.00  | 

0  .  09 

8.0O 
10.67 

lifto 
1  *  *u 
164" 
17^ 

Shell  

23.40  | 

4.00 
ft. 88 

14*0 
16i7 

37.00- 

4.00 
5.38 

117a 

!  1342 

39.75 

4.00 
ft. 33 

1 1  S3 
12»7 

I 

I 
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Initial  Vrloeitia  of  Klonyatrd  Expanding  flail t% 
A«  .l.  U'inlnr»J  \,y  thr  Mii«k>t  lU!lnti«  iWlulum  »t  tl.r  Wa»hiticton  Arwn»l. 


i 

! 

> 

6 

u 

c 

♦ 

|  1 

Or*  | 

Or* 

t»rbr«. 

• 

i 

Alt*r<»<!  H»rt»rr'»   Am  . 

AIM 

7'.*  <«» 

3 

41  *:4 

2 

K*rr\  nflf.  1  | 

An  ' 

Mm 

7-  7ft 

'•• 

lM 

• 

Mm 

7».&<> 

4 

2A  V37 

4 

•  • 

A4I 

Mm 

7  *  7  & 

<■ 

14  >i4 

ft 

- 

M.I 

7v 

A 

HA  VM 

A 

• 

All  ' 

MO 

7*  74 

A 

t»  •      S»^i  1 

: 

Mm 

7  V.  '»» 

* 

^  V.kA 

Mm 

7*  *7 

ft 

*1<j 

7  V  'HI 

A 

11**0  trt.fity 

■r  f««*t 

.  .  -  VII 

: 

N  *  w  ri  ft 

Mm 

—  - 
*iM  MM 

■ 

A 

2 

A"  ,  61" 

7*  "7 

A 

:;a  vi7 

* 

<• 

Ao 

Mm 

7v 

A 

42  V»7«» 

4 

« 

Am 

Mo 

7  v  1 2 

• 

42  VAJ 

& 

r.<  ■ 

M<> 

7v  <«» 

A 

4'i 

A 

- 

AO 

Mm 

;<>  ■  ■• 

A 

4V 

t 

Mm 

7m 

A 

V43 

- 

• 

A' ' 

-Mm 

79  m. 

A 

4i  V7o 

\* 

A- 

Mm 

79  i»i 

A 

5:  V'^4 

to 

- 

i  A'» 

SlM 

TV  «■» 

A 

>♦  V»'> 

Ur«a  Trinity 

» 

T4m 

7  ..  7.; 

■ 

Ilwj-r  .  IrtTT  lv>4 

| 
1 

2 

7" 

7  9 . 2  J 

9 

1  ■  1    > .  ] 

3 

7m 

tr> 

7  v 

« 

4A     "7  * 

A 

7m 

:  «m 

7  9  2.*. 

M  r>«»4 

m 

t 

7.1  ' 

',  |M 

7v  i" 

V*  ».•<" 

:  *■• 

41  »»7.> 

7  4" 

-<t  <». 

]  a       y  *7 

1" 

•• 

7  4" 

7  •*  <■» 

. 

i 

7m 

71m 

7  9  71 

- 

17  412 

1 

- 

-        7-  • 

75  a: 

1 A  4/7 

3 

1  *" 

79  <*» 

4i  #>;m 

4 

7  m 

7  |M 

7v  AJ 

• 

i«  »»•> 

■  • 

:  4" 

7* 

• 

V.  »-/7 

A 

*■ 

7  i  > 

7i  <■» 

7 

^M 

:4m 

7v  .«. 

• 

»I4 

Julv  tl 
Julv  11 

July  91 
Jul*  2\ 
Julf  23. 


July  11 
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Initial  Velocities. — Continued. 


s 

9 
10 
11 

12 


Kind  of  Gun. 


Smooth -bored  per- 
cumIod  intuket 


«• 


70 

70 
70 
70 
70 


Or*. 
740 

740 
740 
740 
740 


*54 

si 

•a* 

- 


I  ncbet. 

79.62 

79.37 
79.50 
79.50 
79.50 


I* 


9  33 


9 
9 
9 

9 


42 
18 

a:< 

46 


Mean  Telocity. 


Feet. 

949 

969 
928 
951 
971 


bo«n   ftntl   >fTrl  ut»-» 

previuu*    to   ttv  n  s. 
nwncemt  at  of  tti:«  < 
of  Area. 


954 


1 

Pistol-carbine, 
1856. 

40 

468 

79. S7 

3 

23 

538 

■ 

2 

<> 

40 

468 

78.62 

3 

25 

544 

3 

f 

40 

468 

78.75 

3 

27 

548  ; 

4 

tt 

it 

40 

468 

78.87 

3 

46 

598  i 

.  July  24. 

5 

tt 

tt 

40 

468 

78.37 

3 

40 

582  j 

6 

tt 

40 

468 

78.87 

3 

55 

616  i 

7 

tt 

•i 

40 

468 

78.75 

4 

28 

706  1 

J 

8 

tt 

«« 

40 

468 

79.37 

4 

20 

680  ' 

Ball  struck  voA4«n  \>i  «l 

»id**i*»,         h.\  to  jt. 
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9 

u 
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40 
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3 
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Initial  Velocities. — Continued. 


a 

!a 

« 

o 

Kind  of  Gun. 

s  • 

*•  -J 

it 

Si 

1-3 

<J 

»  s 

•5 
S* 

On 

On. 

Iochf*. 

8 

Smooth-bored  per- 

70 

740 

79.62 

9  33 

cussion  intuket. 

9 

•<  » 

70 

740 

79.37 

9  42 

10 

«  « 

70 

740 

79.50 

9  18 

11 

M  •< 

70 

740 

79.50 

9  33 

12 

M 

70 

740 

79.50 

9  45 

1 


Mean  Telocity. 


Feet. 

949 

969 
928 
951 
971 


954 


Jnlr  28 ; 

b*?en  6n?ii  *^  ^ 

[fTi\|l>0»     to  ttr- 

of 


1 

Pistol-carbine, 

40 

468 

79.37 

3 

23 

533 

1856. 

2 

M 

II 

40 

468 

78.62 

3 

25 

544 

3 

M 

40 

468 

i  o  •  i  «i 

27 

548 

4 

•  • 

•1 

40 

468 

78.87 

s 

46 

598 

5 

II 

40 

468 

78.37 

3 

40 

682 

6 

II 

*♦ 

40 

468 

78.87 

3 

55 

616 

7 

«• 

40 

468 

78.75 

4 

28 

706 

8 

II 

»« 

40 

468 

79.37 

4 

20 

680 

9 

li 

«< 

40 

468 

78.62 

3 

53 

617 

10 

it 

« 

40 

468 

79.00 

3 

51 

610 

603 

July  24. 
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Composition  for  Filling  Rockets. 


ooxroerrioxa. 

Nitre 

Sulphur. 

Charcoal. 

 —  

8teel  Filing*  j: 

1 

16 

4 

6 

4  j' 

2 

10 

2 

3 

3 

f 

i. 

8 

2 

3 

Composition  for  Stars. 


Nitre. 

Sulphur. 

Mealed  Powder. 

1 

1 

16 

8 

8 

2 

16 

7 

4 

3 

16 

8 

4 

•1.5 

•  With  the  nitre,  produces  a  whitish  flame. 


Composition  for  Serpents. 


Nitre. 

Sulphur. 

Mealed  Powder. 

Charcoal. 

Steel  Filings. 

1 

3 

2 

16 

i 

2 

15 

4 

3 

16 

2 

4 

6 

4 

16 

4 

4 

2 

6 

Composition  for  Gold  Rain. 


COMPOSITIONS 

Nitre. 

Sulphur. 

Mealed 
Powder. 

Charcoal. 

Pulverized 
Soot 

German 
Black. 

Dissolved 
Gum.  , 

1 

i 

H 

8 

* 

\ 

1 

2 

16 

10 

6 

4 

2 

8 

16 

8 

8 

2 

2 
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1  Q    •  — 

13-in. 

10- in. 

8-in. 

LBS. 

LIW. 

LBS. 

8.00 

6.60 

2.75 

4  00 

—  -    '  '  ' 

1.50 

1.00 

0.60 

1.00 

0.66 

0.33 

1 .00 

0.66 

0.33 

12.00 

8.00 

4.00 

10.00 

6.66 

3. S3 

1.00 

0.66 

0.33 

2.00 

1.33 

0.66 

IN. 

IX. 

IK. 

1.00 

1 .00 

0.50 

12.00 

10.00 

8.00 

n.50 

6.00 

4.75 

2.00 

1.75 

1.50 

32 -pd. 

24  -pd 

12  pd. 

SO»T  COMPOSITION. 


Rosin  

Pit,  h  

Mutton  Ullow  

Spirits  of  turpentine. 


Linseed  oil. 
« .  u  powc |.  r  . . . . , 
I  >ry  composition 
Chopped  tow. . . 


Dry  composition,  additional. 


n,i«rht  of  ( *****  '"rr^0 

"  ...       4     the  »hell. . . . 
composition.  ^  WI.ol«  height. 


g  the  tarred  link  and  ahovi- 


Tarred  link .  f55*£l  diam'ter 
(  Thickness  


Size  of  shell  to  be  inserted. 


The  dry  composition  consists  of  : 

Beeswax  0.66 

Nitre  16. oo 

Flowers  of  in) phar  6.00 

InflsmmaUe  nawdust   1 .08 

Regulns  of  antimony   2 . 66 

Gunpowder   1 .00 

Melt  the  beeswax  over  the  fire  and  add  the  nitre  to  it ;  when  the  mix- 
ture is  about  to  melt,  take  it  off  from  the  fire  and  stir  in  the  sulphur ; 
then  add  the  sawdust,  the  antimony,  and  lastly,  the  powder,  and  mix  th«  m 
with  the  hands.    Work  with  great  caution  against  their  taking  fire. 

To  prrpart  the  inflammable  sairdust :  Jioil  the  *awdust  in  a  solution 
of  half  irs  weight  of  nitre  disaota  d  in  an  equal  quantity  of  water — crude 
nitre  or  damaged  gunpowder  may  be  nmid  for  this  purpose.  Kvaporate  to 
dryness,  stirring  frequently  ;  then  spread  out  the  sawdust,  to  In  come  per- 
fectly dry  before  being  used. 

Ait. 

Compoiition  :  9  ro*in,  4  pitch,  •  beeswax,  1  tallow.  To  be  melted 
together  and  poured  into  water;  then  worked  wit*  the  hands  until  it 
becomes  soft  and  pliable. 
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PHVSICAL  DATA. 


Working  Power  of  Men  and  Horses. 
Men*.  A  foot  soldier  travels  in  1  minute, 


In  common  time,  90  steps 
In  quick  time,    110  " 
In  double  quick,  140  " 


70  yards. 
86  "  " 
109  " 


He  occupies  in  the  ranks  a  front  of  20  in.,  and  a  depth  of  13  in.,  without 
the  knapsack  ;  the  interval  between  the  ranks  is  13  in.  5  men  can  stand 
in  a  space  of  1  square  yard.    Average  weight  of  men,  150  lbs.  each. 

A  man  travels,  without  a  load,  on  level  ground,  during  8£  hours  a  da  y 
at  the  rate  of  3.7  miles  an  hour,  or  3l£  miles  a  day.  lie  can  carry  111 
lbs.  11  miles,  in  a  day.  A  porter  going  short  distances  and  returning  un- 
loaded, carries  135  lbs.  7  miles  a  day.  lie  can  carry,  in  a  wheelbarrow, 
150  lbs.  10  miles  a  day. 

The  maximum  power  of  a  strong  man,  exerted  for  2£  minutes,  may  be 
stated  at  18,000  lbs.  rai.-ed  1  foot  in  a  minute. — Mr.  Field's  Experiments 
1838. 

A  man  of  ordinary  strength  exerts  a  force  of  30  lbs.  for  10  hours  a  day, 
w  ith  a  velocity  of  2£  feet  in  a  second  =  4500  lbs.  raised  1  foot  in  a  minute 
=  one-fifth  the  work  of  a  horse. 

Daily  allowance  of  water  for  a  man,  1  gallon,  for  all  purposes. 

Horses. — A  horse  travels  the  distance  of  400  yards,  at  a  walk,  in  4  J 
minutes;  at  a  trot,  in  2  minutes ;  at  a  gallop,  in  1  minute. 

He  occupies  in  the  ranks  a  front  of  40  in.,  a  depth  of  10  feet;  in  a 
stall,  from  3£  to  4£  feet  front;  at  picket,  3  feet  by  9,  Average  weight  of 
horses,  1000  lbs.  each. 

A  horse  earn  ing  a  soldier  and  his  equipments  (say  225  lbs.),  travels 
25  miles  in  a  day  (8  hours). 

A  pack  horse  can  carry  250  to  300  lbs.,  20  miles  a  day. 

A  draught  horse  can  draw  1600  lbs.  23  miles  a  day  ;  weight  of  carriage 
included. 

Artillery  horses  should  not  be  made  to  draw  more  than  700  lbs.  each, 
the  weight  of  the  carriage  included. 

The  ordinary  work  of  a  horse  for  8  hours  a  day,  may  be  stated  at 
22,500  lbs ,  raised  1  foot  in  a  minute. 

In  a  horse  mill,  the  horse  moves  at  the  rate  of  3  feet  in  a  second.  The 
diameter  of  the  path  should  not  be  less  than  25  or  30  feet 

Daily  allowance  of  water  for  a  horse,  4  gallons. 
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Forage. — Hay,  pressed  in  bundles,  11  lbs.  to  tbc  cubic  foot 

Oats,  40  lb*,  to  the  bushel,  or  32.14  lbs.  to  the  cubic  foot. 
Wheat,  GO  lbs.  to  the  bushel,  or  48  21  lbs.  to  the  cubic  foot. 
A  horse-power  in  t>tcam  engines,  is  estimated  at  33,000  lbs.  raised  1 
foot  in  a  minute  ;  but  as  a  horse  can  exert  that  force  but  C  hours  a  dav, 
one  steam  horse-power  is  equivalent  to  that  of  4  horses. 


Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre 

Hectometre 

Kilometre 

Mvriometre 


Table  of  Lengths. 

0.03937  inches. 
0.39371 
3.93710 
39.37100 
393.71000 
3937.10000 
39371.00000 
393710.00000 


u 

u 

M 
U 

M 
i. 
14 


1.094  yards. 
10.940  " 
109.400  " 
1094.000  " 
10940.000  w 


The  basis  of  the  French  measures  is  the  measure  of  a  meridian  of  the 
the  earth,  a  quadrant  of  which  is  10,000,000  metres,  measured  at  the  tem- 
perature of  32°  F. 

Table  of  Weight*. 


Millogramme 
C<  ntigramme 
Decigramme 
(•ram  me 
Decagramme 
Ilcetotp-ammc 
Kilogramme 
Myriogramme 


0.0154  grains  troy. 
0.1544 


1.5444 
15.4440 
154.4402 
1544.4023 
15444.0234 
154440.2344 


M 
u 


u 
u 
it 
1. 


=  0.035  oz.  avoir. 


=  2.206  lbs.  avoir. 


The  ba^ifl  of  the  French  system  of  weights  is  the  weight  in  vacuo  of  a 
litre,  or  a  cubic  decimetre,  of  distilled  water  at  the  temperature  of  39.2°  F* 
r  in  p*rt  of  this  weight  is  a  gramme. 

1  lb.  avoir. =0.4535085  kilogramme. 

Ileal. 


Fthrtahclt. 

Rcaam«r. 

Ccntrigrad*. 

tr 

212* 

0* 

0* 
100 

Fre«injr  point  of  water. 
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For  converting  from  one  scale  to  the  other, 

C 0  x  9  R  0  x  9 

=  (-  32°  =  —  r-32° 

5  4 


MEASURES   OK  WEIGHT. 


Avoirdupois  Weight. 


Drama. 

Ounces. 

Pound*. 

Quarters. 

Cwt. 

Ton. 

16 

1 

256 

16 

1 

7168 

448 

28 

1 

28672 

1792 

112 

4 

1 

573440 

35840 

2240 

80 

20 

1 

The  standard  avoirdupois  pound  of  the  United  States,  as  determined 
by  Mr.  Ilassler,  is  tho  weight  of  27.7015  cubic  inches  of  distilled  water 
weighed  in  air,  at  the  temperature  of  the  maximum  density  (39°. 83),  the 
barometer  being  at  30  inches. 


Troy  Weight. 


Grain*. 

Dwt 

On  nee. 

Pound. 

24 

1 

480 

20 

1 

5760 

240 

12 

1 

The  pound,  ounce,  and  grain  are  the  same  in  Apothecaries'  and  Troy 
weight ;  in  the  former,  the  ounce  is  divided  into  8  drachms,  the  drachm 
into  3  scruples,  and  the  scruple  into  20  grains. 

7000  Troy  grains  =     1  lb.  avoirdupois. 
175   Troy  pounds  =  144  lbs.  " 
175  Troy  ounces  =  192  oz.  " 
43 7|  Troy  grains   =     1  oz.  44 

7000  Troy  grains  to  the  pound  arc  used  in  estimating  weights  in 
artillery. 

The  common  musket  ball  is  T'T  of  a  pound,  and  consequently,  equal  to 
411§  grains. 


Digitized^  Google 


INDEX. 


A. 

ALLOYS,  10^ 

AMMUNITION,  fixed,  259,  34C_i  making  up,  339;  for  field  service,  340;  packing, 
JUfi ;  siege  and  garrison,  2131 ;  sea-coast,  hot  shot,  ricochet  firing  and 
proving,  25Q ;  for  small  arms,  3fi2  ;  transporting,  397. 

ANGLE,  of  sight,  22A ;  of  fire,  226,  254 ;  of  departure,  2M ;  of  greatest  range,  248, 
265;  of  fall,  254-255 ;  of  elevation,  2fi5  ;  of  least  elevation  for  mortars*, 
liOti ;  of  elevation  for  stone- mortars,  '-if.r.. 

ARMSTRONG  GUN,  148. 

ARTILLERY,  50;  for  the  field  service,  885;  composition  of,  U.  S.  388;  horse,  389: 
batteries,  890 ;  in  action,  390;  supplies  for,  3JU  ;  load  for  each  horse 
in,  221 ;  mountain,  transportation  of,  396:  small  arms  for  field-artillery, 
401. 

AXLE-TREES,  iftl-ifis 
ARTILLERY  MATERIAL,  17A 


B. 

balls,  isjl 

ballistic -pendulum,  2l 
barbette  gun,  301. 

BAR-SHOT,  160. 

BATTERIES,  Si^ge,  443.;  classified.  44fl ;  tracing  413  ;  throwing,  up  448  :  sunken. 

45!) ;  mortar,  4£i  ;  marked,  453 ;  breaching,  45i ;  mantlets  for,  453 ; 
in  marshy  ground.  45fi;  on  limited  ground,  45fi;  floating,  45G. 

BATTERY-WAGON,  1S1L 
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BOATS,  rnbing  sunken  ones,  4*76  ;  capacity,  477 ;  equipage,  478 ;  French,  479: 
loaded  with  cnvalry,  422  ;  with  artillery,  479. 

BOMBARDE,  12fi. 

BREACHING,  223  ;  of  field  work,  10JL 
BREECH-SIGHT,  233;  construction  of,  325. 

BRIDGES,  433;  of  common  boats,  434.;  of  rafta,  433;  of  cask*,  <fce.,  4M;  trestle, 
483;  pontoon,  438;  Birago,  488  ;  preservation  of,  494  ;  flying,  42a;  va»- 
pension,  128 ;  irregular,  422 ;  destroying,  4t)S. 

BRONZE,  109;  analyzing,  110;  cooling-guns,  111;  tenacity  of,  112. 

BUCKETS,  338. 

BUDGE-BARRELS,  832. 

BULLETS,  rifle,  126,127.  160;  elongated,  125j  compressed,  171.369;  packing,  SCO. 

c. 

CALLIPERS,  fur  guns,  23 ;  for  shot  and  shell,  122 ;  gunner's,  334. 

CANNON,  form.  50.  65-56-57-88 ;  breech-loading,  51;  length.  51-58 ;  caliber,  52- 
106  ;  materials  for,  61 ;  weight,  fifi ;  wrougbt-iron,  106  ;  built  up,  1112 ; 
Armstrong,  143  ;  casting,  122. 

CAISSONS,  I  SR. 

CANISTER-SHOT,  object  of,  156  ;  construction  of,  160^  S45_;  effect  of,  256-268 ; 
packed,  342  ;  for  heavy  pieces,  351. 

CAPS,  percussion  for  cannon,  332  ;  for  small  arms,  321 ;  making,  372 ;  powder  for, 
872. 

CARTRIDGES,  size,  232 ;  bags,  840-349 ;  making,  841 ;  for  small  arms,  332  ;  for 
elongated  projectiles,  369. 

CARTRIDGE-BLOCKS,  26JL 

CARRIAGES,  field,  187j  mountain,  189j  prairie,  192;  siege,  193j  barbette,  201  ; 

colnmbiad,  204 ;  eea-coaet,  211 ;  flank  casemate,  213;  iron,  216;  trans- 
porting, Al£u 

CART,  band,  199. 

CARCASSES,  166j  loading,  376. 

CASTING,  cooling  of,  93-95  ;  hollow,  94. 

CENTER  OF  IMPACT,  2ML 

CHAMBERS,  £8. 


INDEX.  £2 

UIAIX  SHoT.  lft... 
CHARCOAL,  1L 

<  HAFK.K.  lilL  2i f..r  lint  «ln>!.  2£1 ;  ■t«m«-  rni-rtar  ;  I'M;  rit-o.  h.  i, 
ir«n, 

(  I!mi  K\  ai«>.  ±>!L 

coNYoYS,  «-«.a  lurtinjr.  r.jj.  atuck^I,  ::■.»'.' 

CmWF.11,  Liii. 

«  YLIM»KK  Gl'Af.i; 

t  Y LI XI»F.li  STAFF.  1A.  * 
CYI.IXI'KKS  ANIM  AIN,  \+\+t,  *■.<•». 

I). 

TiKITLKS.  AtUrkln*  »n-l  .lrf.-n.iinj,  4«-V 
PKNSITY  of  »h..i  an.!  «h«.ll.  I;.*. 
I»KVIATI<>N«\  -I'i.  -Ml 
MM1  ff  WHKKI>.  IM  '-o 
M-IMIIAKKI.M;.  lii 
M"TANrT.«*.  .•'iniAtin;?,  g_4L  »il 

I'HA'i  Kmw:. 

Ml  A  t<.  I  IT  H«H'^r.*i.  l**". 
MIKI*.IN«;  IJoX, 
Mi  I  FT,  ll_t 

E. 

kij:»tik>  haunts*,  >?**«•/. 22. 
km1hi  am ip,  hl 

F. 

r  J  >  !.'.)  orf,  r.l  ,  rula*  «..f.  m  .  lli«»ry  »<f.  li-  II  »rt.U*ri ,  4<»t 
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(•I*  AI'K  ^Ht>T.  how  tnadf,  K",  Lil .         u*«l,     » .  not  u«*il  ni  b  ful.J  gxm*.  y& 

URATES  tor  hot  »hot,  2iLL 

tiRKNADKS, 

URIliKAl'VALS  ■yiU-iu.  LUL 
(.OLD  RAIN.  ^1. 
f;i:«H>YKS  on  241. 

M'AffES,  rylin«li-r,  f.«r  punt.  7^ ,  f»r  »h»t,  172 ;  »t*r.  7 6 ,  rii>tf  t>f  »tnr  ffuAg'.  TT  , 
tfunniofj,  78  .  tent,  7^  for  (ut*  h*»l*.  173. 

M  I  UK  PLATE.  La. 

(.1  VNKKS  r.KVKU  Xi*. 

<a\\NKirs  <;imi.et.  *y 

t.l  N  » VRRlA'iES,  I7fl  :  of  l'bitr.1  >ta««-»,  17* ,  Kngliih, 
(.I  N  orTToN,  1£_ 
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jurLicir.  in ,  it  «'.mp  il  r.  j  r«'f  «rii»>T>»,  ,  r<«uhuiti> ■»'.  2-i .  ran* 
«'f  hi.rni' C  !i£L.  h\  gTt.rix  1  nc  fjoaji «»■■•,  1^.  ,  r*»l-  U ,  *U  f.i'f.  11  . 

tr»n*|«irtiji£.  43. 

fiTN  I-KNM  U  M.  *L 

H. 

HAMMER,  injuria  p.  LLL 
HANDLES,  of  ^ij  i,  <LL 

HANIM'IKE  nu;  r  :)f|,r  t,  J]  1.  '      ,  «h.s!,        .  r,-!!.  r,  1*''     «n:^k  . 
II  IP.NK^S.  m«n\  2_JL 

II Al  ->E.  223.  uficm.  «:,.» ,  uir  |-»e-lulum,  jj/. 

HAVKE-Ai  Kr*.  J^i. 
HELIX.  1£L  LIA. 
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FIRE,  direct*  grazing  and  plunging,  254 ;  horizontal,  parallel  or  rolling,  255 ;  rico- 
chet, 2fi£ ;  of  greatest  range,  256^  2fi5 ;  horizontal,  256. ;  vertical,  25fi. 
tables  of,  222. 

FIRE- WORKS,  324. 
FIRESTONE,  374. 
FIRE-BALLS,  3S2. 
FIXED  AMMUNITION,  346. 

FORM,  of  cannon,  99j  of  Dahlgren-gun,  99j  of  colunibiad,  HKL 
FORK,  for  hot-shot,  332. 
^"ORGE,  traveling,  189_i  portable,  120. 
FORAGE,  transporting,  322. 
FORTS,  <fcc.,  reconnoitring,  441, 
FORTIFICATIONS,  attack  of  431 ;  defense  of,  452. 
FORDING,  rivers,  422 ;  order  for  passing  of  different  arms,  424. 
FRACTURE,  in  cannon,  8fi;  of  shells,  163. 
FRICTION-TUBES,  363,  powder  for,  36±i  French,  366. 
FURNACES,  for  hot  shot,  2&L 

FUZES,  Time,  wooden,  222  ;  paper,  278;  improvement,  222 ;  Boxer,  278  ;  use,  279j 
objections,  280;  English,  280j  brass,  281 ;  Russian,  281.  301 :  Serra, 
282;  Bormann,  283;  use,  284;  experiments  with,  285;  Baden,  285; 
Breithaupt,  282 ;  using,  291j  Baden-Breithaupt,  292 ;  Splingard,  295] 
advantages,  297;  U.  S.  sea  coast,  298j  machine' for  driving,  299  ; 
French,  800. 

Concussion,  302;  Prussian,  304 ;  Schonstedt,  302 ;  Snoecks,  308;  experi- 
ments with,  302  ;  Splingard,  812 ;  experiments  with,  314j  advantage?, 
3  Hi 

Percussion,  312 ;  Duke  of  Normandy,  303  ;  Maj.  Laidley's,  303;  French, 
318;  objections,  819;  Moorsom's,  319;  Bourbon,  32L 
11      Making:  wooden.  854 ;  paper,  35S. 

FUZE-SETTER,  333. 

FUZE-EXTRACTOR,  335. 

FUZE-PLUGS,  314. 

FUZE-MALLET,  334. 
FUZE-SAW,  384. 
FUZE-AUGER,  334, 
FUNNEL,  333. 
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G. 

GIN,  field  and  siege,  199  ;  garrison,  2Qfi  ;  casemate,  218. 

GRAPE-SHOT,  how  made,  160^221 ;  bow  used,  268;  not  used  wilh  field-guns,  24JL 

GRATES  for  hot  shot,  2£L 

GRENADES,  16A 

GRIBEAUVAL'S  system,  US. 

GOLD-RAIN,  3flL 

GROOVES  on  balls,  2AL 

GUAGES,  cylinder,  for  guns,  76j  for  shot,  172;  star,  76_i  ring  of  star  guagf,  77j 
trunnion,  78j  vent,  79j  for  fuze-hole,  118. 

G TIDE- PLATE,  IiL 

GUNNER'S  LEVEL,  828. 

GUNNER'S  GIMLET,  m 

GUNNER'S  PINCERS,  836. 

GUN  CARRIAGES,  I76_i  of  United  States,  178j  Engliab,  LSQ. 
GUNWITON,  HL 

♦ 

GUNPOWDER,  discovery  and  ingredients,  9j  fabrication,  15j  properties  of,  18_i 
packing,  20_;  testing,  21-26—13  ;  pro{>ortions,  2J  ;  combustion,  23 ;  rate 
of  burning,  26j  hygrometrie  qualities,  48_;  restoring,  4i;  storing,  11; 
transporting,  1& 

GUN  PENDULUM,  2L 

H. 

HAMMER,  inspecting,  112. 
HANDLES,  of  guns,  82. 

HANDSPIKE  mwntPUTcting.  211.  328:  shod,  32&;  roller,  836  ;  truck,  aSL 
HARNESS,  men's,  S3?. 

HAUSSE,  233.;  origin,  2£2;  use,  2fil;  pendulum,  32S. 
HAVRESACKS,  831. 
HELIX,  J5_2j  form  of,  liL 
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HORSES  for  field-artillery,  qualities,  4112;  selecting.  410 ;  age,  411 ;  bearing.  415: 
transporting  by  sea,  ilfi  ;  ratious  for,  421.  395 ;  transporting  by  land, 
424. 

L 

IMPLEMENTS,  for  artillery,  224  ;  quadrant,  224 ;  breech-eight,  224 ;  tangent-scale. 

and  pcndulutn-hausse,  22fi  ;  gunner's  level,  22a ;  handspike,  22S ; 
pointing-stakes  and  wires,  plummet,  pointing  cord,  quoin,  chock.  2211; 
rammers,  sponge-heads,  sponges,  staves,  sponge-covers.  330 ;  loading- 
tongs,  shell-hooks,  havre-saeks,  pass-box,  221 ;  budge-barrel,  hot-shot 
fork,  ladles,  tongs,  332 ;  worms,  scraper,  dredging-box,  powder-meas- 
Bures,  funnel,  fuze-setter,  222;  fuze-mallet,  fuze-saw,  gunner's  callipers, 
fuz<f-auger,  shell-plug  screws,  224;  fuze-txtractor,  portfire  cutter, 
priming-wire,  gunner's  gimlet,  vent-punch,  335 ;  gunner's  pincers, 
lanyard  and  hook,  tube-pouch,  thumb-stall,  roller  handspike,  336 ; 
truck-handspike,  prolonge,  drag-rope,  men's  harness,  vent  cover,  tow- 
hooks,  837  ;  sponge,  tar  andwater  buckets,  o38. 

INACCURACY  in  firing,  215. 

INCENDIARY  COMPOSITIONS,  224.;  fire-stone,  214 ;  Yalenciennes,  3JA 
INJURIES  to  cannon,  83* 

INSPECTING,  instruments,  for  cannon,  l£;  for  projectiles,  112;  convoys,  392. 

INTREXCIIMENTS,  attack  and  defense  of,  4li2  ;  forming,  4GB. 

IRON,  gray,  102;  white,  103 ;  Swedish,  103 ;  testing,  103  ;  alloys,  104  ;  wrought, 
U>5. 

K. 

KNOB  of  caseable,  £2* 

L. 

LADLES,  222. 

LANYARD  and  hook,  22fi. 

LIFTING-JACK,  202. 

LENGTH  of  cannon,  68. 

LEVER-JACK,  208. 

LINE,  of  sight,  of  fire,  of  metal,  22jL 
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LIGHT  BALLS,  383. 

LOADING,  carriages,  1B5  ;  small  arms,  22Z  ;  cannon,  257-200,  with  hot  shot,  2fiD  ; 

Schrapnell,  281 ;  tong*,  331  ;  shells  and  spherical  case,  344 ;  carcasses, 
876. 

LOCKS,  for  cannon,  367. 

■ 

M. 

MAGAZINES,  4£ 

^  AGNUS'  instrument  for  showing  rotation,  93T 
MANEUVERING  BLOCKS,  m 
MARKSMAN.  2AfL 

MARKING,  cannon,  S3  ;  shot  ami  shell,  112. 
MARRONS,  3S1. 
MARCHES,  391-398. 
MATCH,  quick,       ;  slow,  3JiiL 

MATERIAL,  fielJ,  186;  siege  and  garriaon,  192;  sea-coast,  91 1- 

MATERIALS,  fur  ennnon,  lii2=lili;  shot  and  shell,  111 ;  for  gun-enrringes.  ILL 

MEASURING  POINTS,  76-78. 

MILLS,  pounding,  I5j  rolling.  1L 

MERLONS,  4jLL 

MORTARS,  English,  M  ;  United  States,  68;  Mallet's,  lfik 
MORTAR-BEl>S,  siege  and  garrison,  121 ;  sea-court,  iiLL 
MORTAR- WAGONS,  U&L 
MULES,  AliL 

N. 

N  A  VET'S  MACHINE,  22. 
NAVIGATION  of  rivers,  i&L 

NITRE,  II;  analysing  and  purifying,  12.;  fuzing,  LL 
NUMBERING,  balls,  lli  ;  guns,  SJ. 
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ORDNANCE,  50j  guns,  62 ;  howitzers,  65j  Columbians,  62 ;  mortars,  68j  manufac- 
ture of,  70i  casting,  73_;  boring  and  turning,  7_Sj  inspecting  iron, 
75  ;  brass,  79j  proving,  80j  preservation  of,  86  ;  foreign  calibers,  8_L 

P. 

PACKING,  ammunition,  218*  * 

PACK,  horses,  186-410  ;  mules,  4HL 

PAIXHAN  guns,  262, 

PARKING  batteries  or  convoys,  308. 

PASSES  and  DEFILES,  reconnoitering,  44L 

PASS-BOX,  331. 

PENETRATION,  271. 

PERCUSSION-POWDER,  222. 

PENDULUM  1IAUSSE,  326. 

PILING  BALLS,  111. 

riTCUED  FASCINES,  284. 

PLANES,  of  fire,  226;  of  weakness,  89. 

PLATFORMS,  siege-gun,  194;  mortar,  198;  rail,  198_i  ricochet,  I96j  laying, 
PLUMMET,  329. 
PLUG-SCREWS,  for  shells,  334. 
POINT-BLANK,  226. 

POINTING,  long  guns  and  mortars,  264;  stakes  or  wires,  829;  cord,  S29; 
board,  329. 

PORT-FIRES,  making,  361 ;  composition  for,  362  ;  driving,  362. 
PORT-FIRE  CUTTER,  385. 
POSTS,  attacking  and  defending,  407. 
POWDER-MEASURES,  833. 
PRIMING  pieces,  857. 
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PRIMING-WIRE,  m 
PRIMING-TUBES,  quill,  34S;  metal,  3SJL 
PRIMERS,  pereuasion,  867;  Maynarda,  373. 
PRESERVATION,  of  ordnance,  86j  ammunition,  174. 
PROLONG  E,  837. 

PROJECTILES,  155 ;  rtone,  lead,  and  iron,  156;  elongated,  158;  manufacture  of, 
169;  carting.  lTOj  poluhing,  171 ;  inspecting,  171_;  eccentric,  213; 
Low  uaed  in  field-artillery,  405. 

PUNCHES,  .teel,  172_i  rent,  335. 


Q. 


QUADRANT,  324. 
QUOIN,  322. 


R 

RAFTS,  how  made,  481. 
RAIN  OF  FIRE,  381. 

RANGES,  definition,  226j  of  field-gun*,  250j  effective,  267_;  of  grape  and  caniater 
2fi8;  point  blank,  2&L 

RAMMERS,  330. 

RECOIL,  definition,  22J ;  amount  of,  212. 
RECONNOISANCES,  483j  of  river*.  4fiX 
RESISTANCE  of  the  air,  15X 
REST,  for  tUr  gu*ge,  14;  u*e  of,  7JL 

RIFLES,  origin  and  theory  of,  114;  forming.  120  ;  condition*.  liQ  ;  Bclgiom  exper- 
taenia,  152j  of  Prussia,  Brunswick,  Hanover.  Spain  and  Rua«ia,  13Jj 
United  Statei  and  Germany,  13Ij  breeehloading.  122,  I46j  BunT 
■id.*',  123J  motion  of  bullet,  121-129:  belted  ball.  I25j  Delvigne'a, 
I25j  4  tige.  I25j  Swiw,  1_37_;  Austrian,  137_;  Bavarian,  137_;  of  Belgium 
and  Denmark,  I39j  Lancaster,  139_;  Rifl«  cannon,  139j  Cavalli'*,  Ufi  ; 
Armstrong'*,  M3j  of  Belgium,  149_;  ReeJ'a  shell,  Ulj  against  a rlil 
l*ry,  Ifil 

RICOCHET  firing,  254-255 ;  grazing  and  plunging,  255j  with  mortars,  266. 
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RING  GUAGE,  22* 
RIMBASES,  62. 

RIVERS,  passage  of,  46ft  ;  surprising  a  passage,  466  ;  forcing  a  passage,  466;  oppo- 
sing a  passage,  467;  reconnoitering,  467;  determining  width  of.  459; 
swimming,  471 ;  passing  on  ice,  471  ;  fording,  420 ;  navigation  of,  480; 
crossing  in  floating  ice,  480;  on  rafta,  461 ;  by  bridges,  483;  precau- 
tions used,  403. 

ROADS,  reconnoitering,  4-to. 

ROCKETS,  war,  166,  382_[  Congreve'a,  167j  Hale's,  l£8j  signal,  876 ;  making  tbe 
cases,  222 ;  composition,  322 ;  driving,  328  ;  making  up,  222 ;  dtco- 
ratioDS  for,  2M1 ;  packing,  882. 

ROLLERS,  long,  half,  and  short,  2  in. 

ROLLING  BARRELS,  HL 

ROTATION,  222. 

8. 

SEARCHER,  for  gnn,  25  ;  for  vent,  79; 

SEASONING  timber,  Llfi. 

SCHOOLS  OF  PRACTICE,  22Q ;  French,  247. 

SHOT,  tffi;  tire,  Ac,,  L52 ;  range  of,  213;  effect,  250,267*  223;  hot,  2£S;  hollow, 
162;  effect,  268;  strapped,  842 ;  fixed,  346. 

SHELLS,  166_i  divided,  163j  mortar,  269;  bullets,  164_;  strapped,  342^  350 ;  fixed, 
847  ;  mortar,  filling,  393  ;  large  shells,  853. 

SHIFTING  PLANK,  210. 

SKID,  20JL 

SLING  CART,  hand,  199j  large,  207_;  slinging  a  piece,  201-207. 
SPHERICAL  CASE,  164^  268j  fixed,  34JL 
SPIKING  and  unspiking  cannon,  85, 
STADIA,  250j  graduating,  2fi2. 

STRAIN  on  guns,  9JL 

SULPHUR,  14. 

8W1MMING  rivers,  42_L 
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T. 

TACTICS  of  field  artillery,  40');  attack  and  defense,  403 ;  retreat,  4n<L 
TANGENT  SCALE,  32A 
TARGET  PRACTICE,  220. 
TARRED  LINKS,  aSi, 
TIN,  liiSL 

Tlil  E,  of  flight  mortar  elielU,  270. 

THICKNESS  of  metal  in  guns,  afi. 

T11EORV  OF  FIRE,  m=£»5, 

THUMB  STALL,  836. 

TIMBER,  measuring,  ITL 

TONGS  for  hot  ahot,  S3_£ 

TOW  HOOK,  337. 

TOWNS,  attack  and  defense  of,  JjjL 

TRACK  of  a  carriage,  186. 

TRAJECTORY,  226.;  form,  2£3;  menn,  229. 

TRANSPORTATION,  410 :  by  tea,  417  ;  horse*,  41ft;  men,  422  :  di*mWking. 
422 ;  by  railroad,  428  ;  regulations,  4'JS  ;  unloading  cars, 

TRAVERSES, 

TRAVERSE  CIRCLE-*,  curve!,  2LL 
TRUCK,  casemate,  218;  store, 

TRUNNIONS,  6_l;  canting  wcaknt**,  t*C;  placed  io  -ear,  £S. 
TRUNNION  SQUARE,  1L 
TRUNNION  RULE,  12. 
TRUNNION  LOOP,  2J_L 
TUBE  PUNCH,  336, 

V. 

VALENCIENNES  COMPOSITION,  aiiL 
VALLIERETS  system.  ML 
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VARIATIONS  in  range,  248. 

VELOCITIES,  initial,  43-222 ;  effect  of,  250  ;  of  rotation,  121 ;  of  rivers,  467. 
VENT,  60  ;  cover,  337. 

w. 

WADS,  261;  grommet,  263,  354;  making  junk,  353  ;  hay,  854. 
WAFERS,  percussion,  867. 
WIND,  244. 
WINDAGE,  68. 

WHEELS,  181-188  ;  height  of,  184. 

WOOD,  varieties,  113-114;  selecting  trees,  soil,  and  locality,  114;  cutting,  115; 
defects,  115;  attacking  and  defending,  406. 

WORMS,  333. 
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